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from these STAINLESS 
STEEL BARRELS... 


STAINLESS STEEL SIMPLIFIES PRODUCTION... 
The high ductility of “18-8” makes severe 
drawing operations easy. Here, one man places 
a stainless steel blank in the press, while the 


other stacks a stamping. 


@ Yes, you can draw the mighty valuable conclusions that... 
"18-8" stainless steel not only responds readily to forming 
operations, but also permits ready fabrication by welding. 
The high ductility of “18-8” assures three basic advantages: 
COMPONENT PARTS OF BARRELS ON WAY TO it makes deep drawing easy, it results in more uniform draws, 
WELDERS . . . Tops, shown at left, bottoms, at and it enables forming a wide variety of shapes with minimum 
center, and middle sections, on upper right, rejects. 
move on huge conveyor belts to welding de- Moreover, “18-8” chromium-Nickel stainless steel helps you 
partment, to be joined together into a finished cut bulk and deadweight from a product without sacrificing 
Firestone product. its strength or durability. For example, long-lasting, stainless 
steel barrels produced by Firestone Steel Products Division 
of the Firestone Tire & Rubber Company weigh only 28 pounds 
each ... as against 75 pounds for a standard wooden barrel. 
and 45 pounds for a carbon steel barrel of equal capacity 
Leading steel companies produce stainless steel containing 
Nickel in tubular, sheet and strip form. A list of the sources 0! 
upply will be furnished on request. 


EMBLEM OF SERVICE @ Over the years, International Nickel has accumulated a fund of useful information on 


the selection, fabrication, treatment and performance of engineering alloy steels, stain 
ess steels, cast irons, brasses, bronzes and other alloys containing Nickel. This informa 


tion and data are yours for the asking. Write for “List A” of available publication 


TRADE. MARK 


THE INTERNATIONAL NICKEL COMPANY, INC. ios u: 
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FRONT COVER 


Compact mobile magne- 
sium copper sulphide rec- 
tier units supply effi- 
cient auxiliary power for 
starting and testing air- 
plane engines. Operation 
and characteristics of 
these dry disk rectifiers 
are discussed on page 
84. Kodachrome by cour- 
tesy of American Airlines 
and P. R. Mallory & Com- 


pany 


PROGRESS IN REVIEW —In response to the requests of 
hundreds of our readers, we are, beginning with this 
number, including an interpretive review of the progress 
and developments in iron and steel, thus expanding the 
section. 


Progress in Review 


Commercial Research by Universities 


Commercial research projects in our universities are prov- 
ing themselves harmíul to fundamental scientific study and 
the technical education of young men, according to H. A. 
loulmin, Jr., nationally known patent attorney. Mr. Toul- 
min, who is both a director of one of the largest univer- 
sity research. foundations and the head of a commercial 
research laboratory, maintains in an article on page 81 
that applied being indiscriminately with 
pure research in present day university foundations. Col. 
Toulmin suggests methods for overcoming this problem. 


research is mixed 


Magnesium Copper Sulphide Rectifier 


The magnesium copper sulphide rectifier operates on the 
electronic principle of film ionization, and the nature of the 
metals making up the couple permits unusually high cur- 
rent densities. This makes these rectifiers especially use- 
ful for high temperature applications and for low voltage, 
high current requirements. On page 84, R. O. Whitesell, 
P. R. Mallory & Company, discusses physical and electrical 
properties, characteristics and uses of this rectifier. 


LI LJ . . 
Stabilizing Servomechanisms 
Because of the increased demand for higher accuracy and 


better transient response, the stabilizing technique that 
prevents the system from “hunting” is often the most 


difficult 
servomechanisms. 


part of the problem in designing satisfactory 
On page 132, S. W. Herwald, Special 
Products Engineering Department, Westinghouse Electric 
Corporation, discusses the fundamental problems of hunting 
in servomechanisms and explains their solution. 


Small-Lot Metal Stampings 


To design parts as stampings for production in lots of 
from 200 to 500 pieces has hitherto been regarded as un 
economical. On page 105, M. J. Mikulak, Dayton Rogers 
Manufacturing Company, how stampings can be 
designed for economical production in these quantities. 


shows 


Five Theories of Failure 


Which one of the accepted theories of failure should the 
designer use to solve a particular problem? Dr. Charles 
Lipson, consulting engineer and former head of the Stress 
Analysis Laboratory of the Chrysler Corporation, explains 
on page 157 the five theories of failure and how to select 
the correct one to use for a given problem. The author gives 
a comparison of the results obtained by each theory 


Lead Base Babbitt Alloys 


In this sequel to the article “Lead Base Babbitt Alloys, 
Physical and Corrosion Properties,” presented in the May 
issue of Propuct ENGINEERING, Henry P. George, metal 
lurgist at Frankford Arsenal, discusses on page 144 the 
fatigue and wear properties of ten lead base babbitt alloys 
as determined from simulated service tests. 


Bellows-Type Heat Exchanger 


Designers of research and testing equipment in which 
varying degrees of heating and cooling capacities are re 
quired, or in which interchangeability is desired, will find 
the arrangements of heat exchangers discussed by E. H 
Ziebold of Cook Electric Company, on page 121, 
simple and effective. 


both 


Malleable Iron Castings 


Advantages and properties of malleable iron parts, as 
well as requirements to be met in the satisfactory design 
of these parts, are discussed on page 110, by James H 
Lansing, Consulting Engineer, Malleable Founders’ Society 


Design of Copper Coils 


Designers of concentric copper electrical coils will find 
some shortcuts for the design and checking of such coils 
on page 163, prepared by Richard C. Hitchcock, State 
Teachers College, Indiana, Pa. These charts are arranged 
in convenient form and give illustrative problems. 


JULY HIGHLIGHTS 


Finding New Products to Fill Expanded Plants. One of 
the companies that was notably successful in uncovering 
new products to manufacture was Warner & Swasey. 
How they did it and the results achieved will be told in 
detail for the first time in our next number. 


Fluid Flow Friction Factors, by V. L. Streeter of Armour 
Research Foundation. Losses in valves and fittings are 


analyzed, and some new experimental data presented. 


loss 


2 


Hydraulic O-Ring Packings, by Robert E. Allen, Plastic 
and Rubber Products, Inc. Typical arrangements for 
sealing cylinders, pistons, end caps, and adjustable threaded 


parts. 


Multimotor Drives, by J. E. Jones, supervising engineer, 
Cutler-Hammer, Inc. Basic engineering factors to con- 
sider in applying drives to groups of motors that must 
operate together. 
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Plan Now To Attend The Show 


FOR TWO WEEKS beginning September 17 at the wartime Dodge factory in Chicago, more 
than 250 machine tool builders will exhibit the last word in the design of their products. Cover- 
ing a half million square feet of exhibit space, planers, shapers, milling machines, and all other 
kinds of metal cutting machines and grinders will be on display. Many of them will be producing 
sample parts. 

Never has there been any kind of an exhibit the equal of the 1947 Machine Tool Show. Com- 
ing at a time when the manufacturing industries are faced with a crucial cost-cutting problem, the 
show is attracting world wide attention and rightly so, because there will be shown many strik- 
ingly new designs of machine tools that have productive capacities far beyond anything pre- 
viously obtainable. Visitors will see electronic devices for speed control or for precision sizing, 
new designs to make possible the best use of carbide cutters, automatic screw machines that 
can be set up in much shorter time, automatic grinders of amazing precision, and a host of 
other single purpose and general purpose machines. 

Design engineers have a two-fold interest in this 1947 Machine Tool Show. First and 
toremost, because designers must keep themselves well informed on the economics of machining 
operations, they will gain a great fund of information and inspiration in studying the machines 
on exhibit. It is safe to predict that many processing specifications sheets will be changed in the 
light of the new production economies made possible by machines on exhibit. 

In addition to obtaining information relating to the relative economics of various machin- 
ing and finishing operations, design engineers attending the Machine Tool Show will have 
the opportunity of studying applications of new design principles, unusual speed controls, new 
hydraulic circuits, the latest in lubricating systems, new uses of materials, and numerous other 
design features that have many applications outside the machine tool industry. Here will be 
seen tried and tested new developments ranging from a simple lubricating pump to amazing 
electronic controls, from laminated plastic bearings to high alloy steel gears. 

September Propuct ENGINEERING will bring to its readers explanations and illustra- 
tions of some of the most striking designs to be seen at the show. Informative as our presen- 
tations will be, they will also serve as a preview of the exhibits that will warrant first hand 
inspection. 

Plan now to attend the greatest industrial exhibit the world has ever seen—the 1947 


Machine Tool Show in Chicago, September 17 to 26. It will pay you and your company. 
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This Udylite machine does a complete E 1 
plating job automatically . . . taking ! 
each part through seven tanks and a "A 
". 
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drying chamber . . . timing exactly the 
interval in the various solutions for 


cleaning, plating and rinsing. 


Each part (or rack of parts) is auto- 
matically lowered into each of the seven 
tanks in turn —then lifted out and trans- 
ferred to the next tank. This might be T i , 5 This is one of a serie 


done with a multiple dip conveyor. But | P - d applications pointing 
the many advantages 


the conveyor slants permissible in 
" — P Vickers Hydraulic Cc 


lowering and raising in that way re- 


quire extra tank length. 


Udylite made the machine far more 
compact—saving 18" to 24" in the 
length of each tank—by using Vickers 
Hydraulic Equipment to raise and lower 
the entire conveyor assembly at each 
transfer. By this means, each piece (or 
rack) is lifted straight out of the tank, 
moved over the next tank and lowered 
straight down. This provides better 


cleaning and more uniform plating— 


| Vickers Hydraulic 
better drainage and less contamination " Power Unit, 





of the solutions. 


The Vickers Hydraulic Power Unit and Control Valves have type of application, as on many other industrial installations, 


many advantages for such applications: (1) proven depend- have made possible increased production, improved product 
ability, (2) accurate control and precise timing, (3) flexibility of quality, greater safety, and lessened physical demands upon 


control to suit varied production requirements, etc. labor while increasing its productivity. Vickers Application 


The versatile features of Vickers Hydraulic Equipment on this Engineers will gladly discuss your individual control problems. 


VICKERS Incorporated 


Subsidiary of the Sperry Corporation 
1454 OCAKMAN BLVD. e DETROIT 32, MICHIGAN 
Application Engineering Offices: ATLANTA + CHICAGO + CINCINNATI 
CLEVELAND * DETROIT * LOS ANGELES * NEWARK * PHILADELPHIA 
ROCHESTER * ROCKFORD * SEATTLE * TULSA * WORCESTER 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 








Commercial Research hy Universities 
Threatens Science and Education 


H. A. TOULMIN, JR. 


Because of his unique position as a director of the board of one of the greatest, uni- 


versity research foundations and as the head of a substantial commercial research labora- 


tory, the author presents a comprehensive picture of the research problem. He is also 


the chairman of the board of a large manufacturing company that has its own engineer- 


ing and research organization. He is known nationally as an outstanding patent attorney. 





The proper direction of scientific effort and the proper applica- 


tion of the results of such effort are, | believe, among the most 


important challenges of our time. 


—Sir Edward V. Appleton 





RESEARCH, a billion dollar indus- 
try, is Our greatest, growing asset. 
The safety and prosperity of this na- 
tion is now being threatened by the 
miscarriage of this potential. 

Because research was one of the 
great factors that brought about the 
successful conclusion of the past war, 
and because it is the greatest factor 
leading to progress, it should now be 
the concern of everyone. The govern- 
ment, through Congressional and de- 
partmental action, is taking a strong 
position with regard te research. It is 
time that the public in general 
realized the necessity for putting re- 
search in its proper position. 

That research is not in its proper 
position can be seen only if the pres- 
ent situation is known, and if the 
proper position is understood. The 
situation today is very much like the 
farmer who fed his seed corn to the 
hogs when the prices were high for 
hog meat. Many research founda- 
tions affiliated with universities have 
forced into this position. 
Through economic pressure they have 
departed from their primary functions 
of developing new scientists and delv- 


been 
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ing into the basic fundamentals of 
the natural laws. It is difficult to 
say which of these functions is the 
more important, but it is not hard to 
see that we are using up our capital 
when either is neglected. At the 
present time these functions are being 
impaired by the commercial research 
being carried on by our public insti- 
tutions and our state-maintained uni- 
versities. It is understandable that 
industrial enterprises want to make 
use of university research foundations. 
Industry is set up on a profit-making 
basis; universities are not. By using 
endowed, or tax-maintained, labora- 
tory equipment and comparatively 
cheap labor, graduate students, in- 
dustry reduces to a minimum the 
financial risk of research. 

There are two types of research 
and each has a definite position in a 
balanced society. The first is a 
search into the basic physical laws; to 
discover what they are, and to deter- 
mine how they act. The second is a 
search into the commercial applica- 
tions for these physical laws. ‘These 
two types of research can not best be 
done by the same groups of scientists, 


and can not ‘be carried on concur- 
rently. When either research group 
crosses into the field of the other, 
detrimental effects will be found. 
When universities try to apply basic 
ideas to commercial projects they are 
likely to do a shoddy job, and defi- 
nitely they shirk their obligations to 
posterity. Pure not 
equipped to dó a commercial research 
job well. Financial gain is but a sec- 
ondary consideration with them. 
They are filled with a thirst for 
knowledge and such a thirst can 
neither be evaluated by financial 
means, nor directed into commercial 
channels. by monetary suasion. When 
commercial research agencies move 
into the field of pure science they also 
are likely to do a shoddy job and 
definitely shirk their obligations to 
their sponsors. 

A research foundation doing com- 
mercial research must give certain 
patent rights to its sponsor. It seeks 
other patent rights for itself. There 
is nothing wrong in this per se; it 
is very desirable that the results of 
commercial research be patented. 

But our government, from its be- 
ginning, has ruled against granting 
patents on basic research and the dis- 
covery of principles of nature. There- 
fore patents would be no problem for 
universities and their foundations if 
they stayed in their own field of pure 
science. By not staying in their true 


scientists are 
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Additional deficit in Ph. D's 
based on estimated 
increased demand and 
estimated number of 
Ph. D. degrees given 














role, universities have found it neces- 
sary to take out patents. They have 
entered into litigation and have, in 
some instances, been attacked by the 
United States Government under the 
anti-trust laws. 

Let us look at the practical re- 
sults of this university perversion to 
the profit of the market place. I have 
seen theses for Ph. D’s suppressed for 
long periods in order to protect the 
interests of a commercial sponsor who 
was getting cheaply the labor of a 
brilliant graduate student and the 
use of publicly maintained laboratory 
equipment. Can any university be in 
the position of suppressing such in- 
formation and continue to have its 
Doctor of Philosophy degree re- 
spected? I think not. 

The University of Wisconsin, 
through its foundation, took out a 
series of patents on the use of vita- 
min D— the anti-rachitic vitamin so 
essential to the health of children as 
well as adults. The university would 
not allow this vital medicinal ele- 
ment to be used in products other 
than those of the milk industry. The 
University of Wisconsin is supported 
by the taxpaying dairy industry. Poor 
people, who are in the greatest need 
of vitamin D, could not have vitamin 
D put into oleomargarine, a spread 
99 

















1942 1946 1950 





Chart showing the trend of the expected shortage of men with Doctor of Philosophy degrees, 
based on information provided by Dr. M. H. Trytten of the National Research Council. 





that they could afford. This would 
have been contrary to the interests of 
the dairymen. 

Probably no educational institution 
in the United States has ever been so 
sharply condemned as was the Wis- 
consin Research Foundation in this 
instance. This is the final result of 
perverting the actions of one of the 
greatest groups of research scientists 
that this nation has ever known. It 
is a blot upon the distinguished repu- 
tation of a magnificent institution. It 
came from indulging in commercial 
research and prostituting the real pur- 
pose of a unversity. Greed for patent 
royalties dulls the scientific con- 
science. 

The Circuit Court of Appeals at 
San Francisco said of this case: 

*.. While claiming the beneficence 
of the vitamin in food in the cure or 
aid in cure of rickets in children, and 
pointing out that rickets is a disease 
of the poor, the Wisconsin corporation 
now seeks to justify the denial or ir- 
radiation of the 'butter of the poor' 
spread on their bread or used as a 
fat in cooking of meats and vegetables." 

“|... it was admitted that in the 20 
vears since the application was filed, 
the only time the Wisconsin corpora- 
tion has permitted the irradiation of 
oleomargarine was under the recent 
pressure of the war need and the de- 
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mand of the Federal Government. This 
is although Dr. Steenbock, testifying in 
1941, stated that the governments of 
European nations then required such 
irradiation." 

"Nevertheless, Scientist Steenbock 
gave to the presidents of the Univer- 
sity of Wisconsin, dependent upon 
that legislature's funds, the sole power 
to add to olemargarine by irradia- 
tion the vitamin D which that scien- 
tist claims is so valuable, if not es- 
sential, in the cure of rickets of the 
children of the forty-eight states; and 
the Wisconsin corporation accepted and 
administers the patents subject, to such 
restraint on its beneficient use. | | 

“As stated, all these children of the 
whole Nation thus have been pre- 
vented from receiving the vitamin cre- 
ated by this process in the oleomar- 
garine on the bread they eat or in the 
animal and vegetable foods which are 
cooked in that fat. . . ." 

"o. . We further hold that such 
refusal to permit such irradiation war- 
rants the refusal of the equitable in- 
junctive and accounting relief sought 
by the corporation, though we hold the 
public interest is served better by our 


decision that the patents are invalid 
» 


Let us look at another great mid- 
western fifteen 
years ago was noted for its eminent 
scientists working in the fields of pure 
research. They established a research 


institution, which 


































foundation and went into the busi- 
ness of developing patentable items 
for themselves and for their spon- 
ors. I am advised that there is 
scarcely a top flight scientist left in 
that once great institution. 

Good men, great scientists, great 
scholars and great scientific investiga- 
tors do not thrive in a commercial 
laboratory. I can no more imagine a 


un 


great scientist working because of 
commercial pay than ] could imagine 
a farmer swilling his hogs in a full 
dress suit with a white tie and tails. 
Such situations are incongruous. 

"This story is not all one sided. 
Some of those manufacturers, who 
pay the bills, are in: turn. being seri- 
ously injured because they do not 
receive the type of results for which 
they are paving. Universities are or- 
ganized for the purpose of education 
and not for commercial research. The 
workers on such sponsored programs 
are usually students who are trying 
to gain the qualifications needed for 
a Ph. D. degree. The object of such 
a worker is to develop reports that 
will eventually be acceptable material 
for his thesis. Where the sponsor de- 
sires results of a commercial nature 
and the workers seek thesis material 
there can be little satisfaction. The 
graduate student is not really quali- 
fied to conduct commercial research. 
He has had no service in industry and 
is an amateur in business and manu- 
facturing. Since the graduate student 
is still gaining his basic education he 
is an amateur in research of any 
kind. The widespread dissatisfaction 
of sponsors with the results in this 
type of research has caused many of 
them to say "research is a racket". 
"We get reports but we do not get 
results." 

The reason is that the universities 
and the foundations have been more 
ambitious for profit and more ardent 
for publicity than they have been to 
stick to their basic functions. Patents 
may mean temporary profits, bulky 
reports to industrialists may mean 
rich financial returns, and pure scien- 
tific work is neither so spectacular nor 
so satisfying. 

Scholarship is in itself a reward. 
It cannot be weighed according to 
the standards of the market place. 
When an institution has nothing to 
patent it is an indication that it is 
doing scientific work on fundamentals 
that are not patentable, which never 


have been patentable, and which, I 
hope, never will be patentable. The 
work they are accomplishing is being 
put into the common store of knowl- 
edge where it rightfully belongs. 

In our hierarchy of research we 
have many fine commercial labora- 
tories. Some of them are independ- 
ently owned, but most of them are 
parts of great manufacturing enter- 
prises. Here is the logical place to 
conduct commercial research, the re- 
sults of which are patentable. ‘These 
institutions, independent or depend- 
ent, perform the very useful function 
of bridging the gap between univer- 
sity research in pure science, and the 
application of those discovered prin- 
ciples to the mills, the shops, and the 
factories of the nation. 

It is just as fatal for these institu- 
tions to go too far into fundamental 
research as it is for the universities to 
go into commercial research. "The 
reason for this is that when manu- 
facturing organizations go into pure 
research they tend to entice the 
ablest scientists away from the uni- 
versities where they belong. The 
higher rates of pay will bring these 
scientists into an atmosphere where 
their talents will not be free to be 
used for the benefit of the nation 
as well as science in general. When 
a top flight scientist is so commer- 
cially employed his talents must be 
diverted into the narrow channels of 
interest of the particular company, 
always on the lookout for immediate 
"practical" and "profitable" results. 

Is it not common sense to let the 
shoemaker stick to his last and the 
milkmaid to her bucket? If we stop 
this perversion of the true function 
of great universities in the funda- 
mental fields and confine our com- 


Research into breaking-down 
point of packing rings; typi- 
cal of commercial practice. 


Hydraulic Press Mfg. Co 






mercial laboratories to their true 
function of applied engineering and 
commercial research, we can organize 
this nation for its protection and for 
prosperity such as it has never known 
before. 

‘There is a serious shortage ot 
trained scientists and it is a national 
responsibility to provide them. The 
National Research Council reveals an 
estimated current deficit of 5,700 
Ph. D's, which is expected to become 
a deficit of over 13,000 by 1950. Can 
we afford to neglect this great 
national potential in universities for 
the sake of a few current dollars? 
Posterity and historians will judge us 
by our actions now. 

The same rules should apply to the 
government in its research activities. 
[t must confine itself to those subjects 
of a general, public nature. A good 
example of correct government pro- 
cedure is to be found in the recently 
enacted statute by which the United 
States Government has taken over the 
functions of checking the qualities ot 
insulin when that duty was given up 
by the University of Toronto upon 
the expiration of its insulin patents. 

In a nation aflame with the ro 
mance of invention, research and en 
gineering it would be a tragedy to let 
confusion conquer rather than to let 
science and industry make a joint con 
quest of the problem in a true part- 
nership. The various research activi- 
ties should act as coadventurers in 
science and engineering, each in its 
own area of endeavor. 



























À 














Portable rectifier unit for supplying 12/24 d.c. volts, 100/200 amp. of filtered power for development laboratory. 


Magnesium Copper Sulphide Rectifiers 


Their Operation and Characteristics 


R. O. WHITESELL 


Engineer-in-Charge, Rectifier Div., P. R. Mallory & Company, Inc. 


Physical and electrical properties, characteristics, and uses of magnesium copper sulphide 
metallic rectifiers are explained and interpreted. Nature of semi-conductors, behav- 
ior of rectifying layers, electrical characteristics of the cell, factors influencing aging 
and failure, and general application relationships are included in the discussion. 


THE magnesium copper sulphide rec- 
tifier operates on an electronic prin- 
ciple of film ionization, and the nature 
of the combination of metals making 
up the couple permits unusually high 
current densities on the order of 40 
per sq. in. 


amp. of active rectifying 


area. Each cell is capable of blocking 


54 


up to 4.0 volts r.m.s., and stacks are 
rated for a maximum temperature of 
130 deg. C. with much higher values 
permissible for intermittent cycles. 
Aging is relatively slight, and because 
of a self-healing film characteristic, 
the rectifier withstands high current 


and voltage overload. Various recti- 


fier stacks and typical operating et- 
ficiencies are shown in Figs. 1 and 2, 
respectively. Principal uses are for 
low voltage and medium or high cur- 
rent requirements. This article out- 
lines in a general way some of thie 
outstanding properties of conductors, 
non-conductors, and semi-conductors 
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as they pertain to metallic rectifier 
characteristics and their industrial ap- 
plication by designers and engineers. 


Electrical Conductivity 


The electrical conductivity of any 
part commonly associated in an elec- 
trical circuit depends upon the spe- 
cific arrangement and number of the 
electrical charges composing the ma- 
terial. 

Good conductors are made up of 
materials with particles or electrical 
charges that are susceptible to acceler- 
ation when in an electrical field. ‘The 
degree of mobility of the charges de- 
termines conductance properties. 

If these charges are relatively fixed 
or immobile, and therefore not sus- 
ceptible to acceleration by an electrical 
field, the material is a non-conductor 
or dielectric and often can be used as 
an electrical insulator. While these 
charges may be difficult to move, in 
an electrical field the molecular struc- 
ture of the material can be distorted 
or strained by the displacement of 
the component electrical charges. 

Materials having an intermediate 
molecular composition with an insuf- 
ficient number of free electrons for 
continuous electron excitation when 
in an electrical field are classed as 
When reduced to a 
film of near molecular thickness semi- 
conductors can often become good 


semi-conductors. 


conductors when a potential is ap 


plied across their surface which is 


sufhcient to ionization of the 


film particles. 


cause 


Physicists are continually searching 
for new films that can be interposed 
between electro-positive and electro- 
negative electrodes so that low poten- 
tial will accelerate electrons supplied 
by the electro-positive element with 
wufhcient velocity to transpose the 
"threshold" effect set up by the insu- 
lating properties of the film. In such 
combinations the electro-negative ele- 
ment inherently is unable to perform 
an equal function upon reversal of the 
applied voltage, and therefore the ele- 
ment is capable of rectifying alternat- 
ing currents. 


Film Characteristics 


(he magnesium copper sulphide 


rectifier operates upon this principle 
ot film 


ionization. “The magnesium 


terminal is the electro-positive ele- 
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Fig. 2—Efficiency of rectifier 
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Fig. 3—Micro-photograph of cross-section 


Fig. I—Typical group of six magnesium copper sulphide rectifier stacks. 


Cuprous 
Sulphide 
CuzS 
annm 































on single and three phase resistance load. 


Cupric 
Sulphide 
CuS 


- 4 


———— 0.025" 


D 


150X Magnification 
area of a typical rectifier cell. 



































—— ——— 

















85 








0 - 
Practically constant s , 
voltage drop O-/0 arrig — P 


Vertical scale V4 in.» | amp 
riorizontal scale 3/4 in. ! volt 


3 DIRECTION 


CONDUCTIN 


i-i veo on pti 
for ocecreosing current ^w 


b. NER 


Ww 
Reverse volts 
3 2 T 
~~ wha cet 
ee | XThreshold 
BLOCKING PIRECTION LR ril 





Fig. 4—Oscillogram showing rectifying action of a cell operating on a.c. 
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Fig. 5—Effect of cell temperature on voltage drop and reverse current. 


ment, While the cupric sulphide ter- is applied, electrons are projected 
minal is the electro-negative element. from the magnesium terminal across 
[he rectifying film or layer of mole- the magnesium sulphide blocking 
cular dimensions is composed mainly layer. ‘The magnesium electrode also 
of magnesium sulphide and is im- is the basic source of magnesium for 
bedded in and upon the inside surface building up the magnesium sulphide 
of the magnesium, as shown in Fig. 3. blocking layer. 
Immediately adjacent to the magne- Magnesium has basic properties 
sium sulphide on the electro-negative that make it more desirable for an 
side is a layer of cuprous sulphide, electrode than aluminum, zinc, or 
CusS, which is backed up by cupric other materials that tend to rectify 
sulphide, Cus. under similar conditions. Magnesium 
Since magnesium has a valence of is able to form and maintain a polar- 
two, like other metals having few ized layer of limited thickness when 
electrons in the outer orbit, it can ac- used with cupric sulphide, and can do 
quire a positive charge without the so under the temperature, pressure, 
dissipation of an appreciable amount voltage, and current conditions en 
of energy. It is therefore predomi- countered in industry. 
nantly electron positive and exhibits The cupric sulphide terminal of the 
a low work function. In this type of cell is basically electro-negative. It 
cell, when a suitable electrical field has three functions: (1) Serves as 


o6 





the back contacting electrode to the 
blocking layer, (2) is the source of 
sulphur for formation of the layer of 
magnesium sulphide, (3) and sup 
plies free sulphur under certain con 
ditions to reform the rectifying filn 
in the event of puncture or disrup 
ture during operation. ‘The crystal 
line structure of the material has a 
remarkably low resistance characteris 
tic because most of the electrical prop 
erties of the copper are retained afte: 
its reaction with sulphur. But as in 
most crystals, the natural restriction 
of electron flow enhances the forma 
tion of a high-contact resistance when 
placed in contact with certain othe: 
elements. This resistance at the sur 
face junction between cupric sulphide 
and other elements provides the heat 
that is required to produce certain de 
sired chemical compounds. 

As shown in Fig. 3, the magnesium 
sulphide film is in intimate contact 
with the magnesium and is of sufficient 
thickness for observation in the lab- 
oratory. Purity and correct thickness 
of the film are essential for best per- 
formance. 


Formation of Film 


Because of the crystal nature of the 
cupric sulphide, an electrostatic field 
of high intensity is produced when 
voltage Is applied to a couple made 
of plain magnesium and cupric sul- 
phide discs. ‘This potential is a re 
sult of the difference in kinetic energy 
of the electron systems of the two 
electrodes. ‘The energy dissipated dur- 
ing discharge of this field is sufficient 
to shatter any film that might stat 
to form at the point of breakdown. 
In making the cells, a high resistance 
film of magnesium oxide is develope 
upon the inner surface of the mag 
nesium disk to concentrate and cont:o 
the dissipation of this electrical field 
within required limits. In this n 
ner a series of couples can be assem 
bled in a common structure for th 
purpose of producing the bloc 
laver on all couples simultaneous^ 
An alternating potential of suffi 
value to overcome the breakdow? 
voltage of the magnesium oxide filn 
is placed across this assembly and un! 
form production of the blocking laye 
is obtained in each couple. In eaci 
cycle of the applied voltage, the mazg- 
nesium oxide film breaks down at the 
weakest point and this permits a pro 
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gressive dissipation of the oxide and 


formation of magnesium sulphide. 
Sufficient heat is liberated at each 
point during this process to produce 
the magnesium sulphide, sulphur 
being supplied by the cupric sulphide 
(CuS), which is reduced to cuprous 
(CusS). As the 


additional 


sulphide forming 


process continues, points 
throughout the area of contact are 
converted until the total surface ex 
hibits the desired characteristic. At 
that time the potential gradient can 
block applied voltages on the order of 
40 volts r.m.s.,, with low leakage 
currents. 

‘The critical variables in forming 
the film are applied voltage, forming 
current, cell temperature, and me 
chanical pressure. Variations in the 
values of these factors are held to a 


minimum to obtain uniform elements. 


Application Factors 


In the conducting direction the 
cell has a marked non-linear charac- 
teristic. This is caused by a “thresh- 
old" effect that approxi 
mately 0.7 volts d.c. to start conduc 


tion. This drop increases little fo: 


requires 


relatively large increases in current. 
It is not possible to use this non 
linear resistance effect in circuit con 
trol work, because the exact voltage 
value varies widely from one cvcle 
to another. ‘This is a basic characte) 


istic Common to all metallic rectifiers 


and similar devices that operate on an 
ionization principle. It is caused by 
the effect of time, temperature, and 
molecular changes caused by thermo 
chemical and thermo-mechanical et- 
fects. Dynamic tests taken with the 
application of alternating currents 
show the average "threshold" value 
of conduction is about 0.5 volts. This 
is the accelerating potential necessary 
to produce ionization of the block 
ing laver. After conduction starts, 
the magnesium sulphide film has a 
negative coefficient of conduction with 
voltage as shown in Fig. 4. This pro- 
vides the excellent voltage regulation 
characteristic of magnesium copper 
sulphide rectifiers. On the other hand, 
the characteristic high “threshold” 
conducting voltage limits the electri- 
cal efficiency of the rectifier, since it 
represents an energy loss throughout 
the conducting cycle. As the oscillo- 
eram shows, this voltage drop be- 
comes lower as current returns to 
zero in any particular cycle and in- 
dicating a residual ionization below 
the 0.5 volt value. 

The residual ionization must be 
overcome upon current reversal, and 
in Fig. 4 this is shown as a slight peak 
at the point of voltage reversal to 
After this 


peak is overcome, the leakage cur 


the blocking direction. 
rent increases non-linearly with volt- 
age up to the breakdown value of the 
cell, which is approximately 6.0 d.c. 


reduction 


Leakage current on 


volts. 











Fig. 6—Effect of time on rectifier operating at rated load at 250 deg. C. 





Table I—Performance Factors of Different Stacks Composed of Standard Cells 


inzle phase full wave current, d. 


lotal rectifying area sq. 1n., tou 
cells 0 60 
D.c. amp. per sq. in., per ccll | Is 


Standard cells used in stacks 


Maximum Continuous Current Ratings 


Convection Cooled Forced Air 
i 15 75 100 
1.68 2.60 7.41 10.6 
B A 23 9 3& 
Diameter, in 19/32 29/32 1 5/32 | 1 25/32 2 1/32 
| hickness, in | 0.089 0.084 0.086 | 0 094 0.094 
Rectifving area, sq. 1n. | 0 15 0.42 0.65 1.93 2.65 
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of blocking voltage maintains a lower 
value as shown. As shown in Fig. 
5 the temperature of the cell affects 
the forward voltage drop and the 
reverse current. 

In operation most of the total ele 
losses in the rectifier are a 
"threshold" 


Losses caused bv reverse leakage, elec 
a - 


trical 
result of the voltage. 
trode resistance, and other inherent 
resistances represent only a small pe: 
centage of the total. 

Probably the most remarkable elec 
trical characteristic is the ability. of 
the cell to carry extremely high cur 
rents as shown in Table I. Life tests 
and operating data over a period of 
years indicate that current densities 
up to 40 amp. per sq. in. can be 
accommodated and this rating is now 
used for larger size cells. Overloads 
up to four or five times this value 
can be applied without serious effect 
if the unit is not allowed to exceed 
130 deg. C total temperature. 

While the operating temperature 
of the cell is the basic factor in set- 
ting a rated current limit for longest 
Mfe, temperatures greatly in excess 
of the 130 deg. C. can be tolerated for 
certain applications. “he unusual per- 
formance of a stack operating at 250 
deg. C When 
operating a elevated temperatures, life 


is shown in Fig. 6. 
is reduced. Because of this inherent 
high temperature characteristic, the 
magnesium copper sulphide rectifier is 
especially useful where ambient tem- 
peratures are unusually high. 

The aging characteristics of metal- 
lic rectifiers must be considered when 
designing transformers and other as- 
This factor 
causes a reduction in output voltage 


sociated components. 
mainly because of a slight increase in 
the forward resistance of individual 
cells, which ordinarily occurs during 
the first 1,500 hr. of operation. This 
loss of output in the magnesium cop- 
per sulphide rectifier is ordinarily less 
than five percent and no compensat- 
ing taps on the transformer winding 
are required. 

Aging is caused by a number of 
factors, none of which can be satis- 
factorily duplicated in laboratory test- 
ing. Likewise the useful life of rec- 
tifier stacks cannot be determined by 
conducting life tests with such fac- 
tors as rated load, temperature, and 
cyclic conditions because for most 
applications the many variable condi- 
tions cannot be predetermined. But 
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Fig. 7—Effect of two heat radiating arrangements on current rating of 
assemblies all using 32 basic cells with 0.65 sq. in. of rectifying area per cell. 
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Fig. 8—Velocity of cooling air required for different operating ambient 
temperatures and loads of 7.5 volt 100 amp. magnesium cupric sulphide unit. 
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Fig. 9—Installation of ten magnesium copper sulphide rectifier units each 
providing 1,500 750 amp. at 6/12 volts for industrial electroplating use. 
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extensive investigations into the 
causes of aging and the failure of all 
types of metallic rectifiers in the most 
dificult field installations indicate 
that stack performance depends upon: 

(1) The initial quality of product, 
(2) length of time and atmospheric 
environment of storage before use, (3) 
electrical design of associated equip- 
ment, including transformer, load 
components, overload protection, (4) 
duty cycle, (5) atmospheric environ- 
ment, such as humidity and ambient 
temperature, at time of use. 

Assuming a satisfactory initial 
quality, it has been determined that 
identical rectifier stacks perform quite 
differently under varying conditions 
of service. Prolonged exposure to 
high humidity or corrosive atmos- 
pheres can often cause deterioration 
of the rectifying film whether the rec- 
tifier is in use or not. Improper de- 
sign of the transformer or load com- 
ponents can cause the rectifier to 
operate out of the recommended 
limits. Certain duty cycles that cause 
frequent heating and cooling, with 
consequent expansion and contraction 
of the disks, seem to affect the aging 
and operating life. “Thermal cycling 
probably causes a shifting of lattice 
arrangement and boundary structures 
in the atomic and crystal orientation 
system of the rectifying film and ad- 
jacent areas because of stresses created 
by temperature changes. The meas- 
ured average temperature change 
from room ambient to maximum op- 
erating may be small, but localized 
hot spots may cause large tempera- 
ture changes within the molecular 
operating regions. 

Such severe applications are the 
exception and usually the magnesium 
copper sulphide rectifier is used so 
that the small aging effect is of no 
consequence. [n many applications 
the rectifiers outlast the associated 
equipment. 

Standard cells are mechanically 
strong, hard, dense, and resist break- 
age, cracking, or chipping. Operat- 
ing units are made by stacking cells 
in specific arrangements on a stud or 
bolt that passes through a hole in 
the center of the cell. "Terminal 
plates are inserted in the proper se- 
quence for making electrical connec- 
tions to the stack. Radiator plates and 
spacer washers are used to radiate 
heat and maintain safe operating 
temperature for a given current rat- 
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RECTIFICATION 


MOST SCIENTIFIC EXPLANATIONS of rectification include the 
existence of a thin semi-conducting film integral with at least one 
of the electrodes, and improvements in the basic characteristics 
of these rectifiers are usually concerned with the properties of the 
film or "rectifying layer." 

In the magnesium cupric sulphide rectifier this film of magnesium 
sulphide is a semi-conductor but is rendered conductive by ioniza- 
tion. Electron transfer from the magnesium terminal to the cupric 
sulphide terminal or vice versa can occur without developing a 
potential drop equal to the work function of either substance but 
only a drop equal to their difference. As magnesium has a low 
work function, free electrons can pass into the sulphide film with- 
out the application of voltage and at ordinary room temperatures, 
until a state of equilibrium is reached wherein there are sufficient 
electrons in the film to repel all those attempting to enter. In this 
manner the magnesium keeps an abundance of free electrons in 
the sulphide in excess of the normal amount. Because of the 
relatively short distance between the electrodes, the large area, 
the low electrom affinity of magnesium, and also possibly assisted 
by the dielectric constant of the sulphide film, the resistance to 
the flow of electrons from magnesium to cupric sulphide is relatively 
small, yet large enough to require a minimum accelerating po- 
tential to project electrons into and through the sulphide film of 
the cell. 

It is well known that fast moving electrons do not always have 
sufficient speed to ionize intervening atomic layers such as the 


,Percent 


sulphide rectifying film. Rather they are deflected by certain atoms 
where their velocities are below a limiting value. The applied 
potential required to render conduction by ionization is therefore 
critical and can be measured with ordinary instruments. This 
value is ordinarily called the "threshold" voltage, and is approxi- 
mately 0.7 d.c. volts in the magnesium cupric sulphide cell. 

When the voltage applied to the cell is reversed making the mag- 
nesium the anode and the cupric sulphide the cathode, there is a 
tendency to drive the free electrons from the sulphide film back into 
the magnesium. Oscillographic studies show a required potential 
of approximately 0.3 volts to “rebuild” this film to blocking char- 
acteristics after a period of conduction. The time required increases 
in proportion to time of conduction and to current densities per 
unit area during conduction because of greater quantities of elec- 
trons that are in the blocking layer. Other reverse characteristic 
observations are that electron flow increases with applied voltage, 
and that the "film" tends to grow stronger after reversal for approxi- 
mately 0.25 sec., which is undoubtedly due to the repulsion effect of 
electrons already at the magnesium surface. When equilibrium is 
reached, it is probable that a concentrated layer of free electrons 
appears adjacent to the magnesium surface that forms a potential 
gradient to oppose electron flow in the direction cupric sulphide 
to magnesium. This opposition is assisted by the high resistance of 
the magnesium sulphide film, and by the high work function of cupric 
sulphide. All these effective resistances line up in series and are 
of sufficient magnitude to block voltages up to approximately 4.0 
volts r.m.s., which is the rating of the cell. 
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Fig. 10—Performance ratio of rectifier increases as temperatures of cell increases. 


ing. Thus one size cell can be used 
at different electrical values, depend- 
ing upon the size and arrangement of 
heat dissipating parts in the final stack 
assembly. Several cooling relation- 
ships are shown in Figs. 7 and 8. The 
only restrictions to producing increas- 
ingly large stacks are economic con- 
siderations and mechanical problems 
encountered during assembly, testing, 
and installation. 

After the component parts of a 
rectifier stack are assembled, the 
whole unit is dipped in a special high 
temperature enamel for protection 
against atmospheric attack. This pre- 
vents moisture from penetrating the 
exposed outer edge of the cell and 
reacting with magnesium sulphide to 
torm magnesium oxide and hydrogen 
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‘The oxide formed by this 
combination reduces the effective rec- 
tifying area and can cause other sec- 
ondary electro-chemical reactions that 
would reduce the performance of the 


sulphide. 


cell as a rectifier. 

The magnesium copper sulphide 
rectifier is ideally suited for low volt- 
age applications at medium and high 
currents because of its relatively low 
blocking voltage and high current ca- 
pacity. The performance ratio of a 
typical rectifier is shown in Fig. 9. In 
general these rectifiers can be used 
economically for service at approxi- 
mately 50 volts d.c. or less, especially 
where large currents on the order of 
hundreds or thousands of amperes are 
required. 

Typical applications include: Auto- 


motive fast chargers, automotive 
trickle or taper chargers, automotive 
alternator-rectifier systems, electric 
truck battery chargers, electro-plating 
power supplies, carbon arc projector 
power supplies, circuit breaker reclos- 
ing units, electric fence controllers, 
battery eliminators, and aircraft test- 
ing and starting power supplies. 
Because of the many and diversi- 
fied needs for obtaining d.c. power 
from an a.c. source, dry rectifiers are 
being increasingly used. This is per- 
haps especially so in applications for 
the low voltage and medium or high 
current field. By using dry rectifiers 
the design of industrial and com- 
mercial products that require d.c. for 
their operation can often be simpli- 
fied by using ordinary 60 cycle power. 
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PRODUCT DESTONS 





Drum Prescribes Ruling Pattern 


For Automatic Dividing Machine 


Micrometer microscope 


a for measurement of 


line widths 


k Vork being 


RULING up to 100 lines per min. on flat, curved or beveled 
surfaces to a guaranteed accuracy of +0.0001 in. is per- 
formed by the Automatic Linear Dividing Machine. This 
machine, built by the Gaertner Scientific Corporation of 
Chicago, is used to produce rulings on commercial and 
precision linear scales.. Length of lines marked on the 
work can be adjusted in various combinations and patterns. 
Line width can also be selected. Non-uniform spacings can 
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Drum controls 
line pattern 
and lengths 


b. m 


ruled 


be made by handsetting. A temperature compensation devic^ 
enables the work to be ruled so that the calibration will 
be accurate at a selected temperature. The ruling tool pres- 
sure is adjustable through its spring loading. Main operating 
elements are the power transmission system, spacing mech 
anism and ruling mechanism. A 1/3 hp. motor and the 
variable mechanical speed control are separately mounted on 
concrete bases to reduce that source of machine vibration. 
-Jung, 1947 
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Beginning of ruling stroke 








Lifting arm in contact 
with lower bracket 


Stop pins in hole 
of ruling drum 
limit stroke 


slides in 
extreme 
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As the main drive actuates the tool linkage 
through the eccentric, the stop pin bracket 


oscillates until the stop pins enter their re- 


usefulness of the machine is increased by 


with upper bracket __.|.\44 
Carriage moves--~~ 


Middle of ruling stroke 







Lifting arm 
in contact with 
lower bracket 


. Stop pins ouf of holes 
in ruling Adrum 








Too! down (Spring 
pressure aga ‘inst 
stop) 


--Sfop pin entered hole in 
drum to limit length of 
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spective holes in the rotating drum. The pins a / 
limit the length of tool stroke. Four motions i ht ———* 
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stroke, lifting, return of tool and lowering. : Slide in É Ü ame with lower bracket "A 
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' stroke : 
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Lead screw action advances the tool axially 1 {| |Cross center starts returni4,' | 
à i à ^ i ' motion ' ' 
for successive strokes of ruling tool. The ! [Liffina arm in contach Lu 
À 
' 
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i i | : i n 
the micrometer microscope, which enables ' : s 
d pe — À During return of tool. | i: > In extreme 
measurement of line widths and also converts | — *71-700/ up i ^ position 
bec S$ d j U-------------- — 
the achi i j : — op pir out of holes 
the machine into a measuring instrument of ruling drum 
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Dividing Machine (DEMSQ 0X 


contrda/s throw 


(continued) DAT 


Spacing mechanism places carriage in proper 
relation to the ruling tool. It controls the 
distance that the worktable moves between 
consecutive lines by rotating the lead screw 
through a predetermined angle. Spacing 
mechanism includes eccentric, spacing disk 
and spring rod. <A drive shaft turns the 
spacing eccentric, which acts through the 
spring rod to rotate the gear sector. Counter- 
clockwise motion of sector rotates the spac 
ing disk in that direction until a fixed stop, 
not shown, strikes left-hand rotating stop. 
On this stroke the pawl is disengaged As 
gear sector reverses its motion, the pawl 
engages the ratchet wheel that is keved to 
lead screw This advances the carriage a 
precise distance until the fixed stop touches 
righthand rotating stop \ two-way spring, 
inclosed in spring rod, controls pressure on 
stops and evens up the throw. Interchange 
ible ratchets, using different numbers of 


teeth, change space interval markings 


7 Wes rv //g pattern | 
; Uu. LETS OR 
Rolin 5 rLifting clutch here 


behind plate 
clutch J behind piate 


Ai uz" 
roller 


Ruling mechanism controls length, width, depth and pattern of the 
ruled lines he eccentric adjustment determines length of longest 


line to be ruled. Lifting clutch controls lifting and lowering of the 
ruling tool. After the tool descends, a ruling clutch transmits motion 
to ruling slide and tool. Movement of tool is limited by a group of 


stop screws, which act on the ratchet-operated drum to give a pre 
arranged pattern of lines and control the relative lengths of the lines 


0? 














WOfwfing sfops foofthed 
to engage the threaded 
periphery of the 
spacing disk 

Pawl actuates 

ratchet whee/ 


Gear sector 


SIDE VIEW OF SPACING MECHANISM 


revert corresponding stop screw fron 
Of the fool carrying assem 


The pattern is governed by a rotating drum con 
taining an arrangement of holes that limit motion 
of the tool. Function of the holes is to prevent 
the corresponding stop screw from limiting the 
stroke of the tool. Various drums are available 
with different patterns. Ruling mechanism may 


"fà 


be tilted and a scale indicates the angle of til 
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Sketch showing the spring-loaded 
ball bearing carriage mount 











Welded Steel Construction for Large Motors 





--Ball bearing roller 


DESIGNED for simplicity of manufacturing, these 
150 to 1,000 hp. motors, built by the Elliott Company, 
Jeanette, Pa., use a solid flanged end shield with the 


bearing assembly as a separate insert. 


Thus mainte- 


nance men need remove only the bearing cap instead 
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of the heavy end shield. With bearing housing sepa- 


, Spring 






















- Carriage a 
j 








Bed frame and carriage are cast in Meehanit 
ind are stress relieved to maintain accuracy 
of alignment. The guide wavs are ground and 
scraped for straightness. To minimize roll 
ing resistance, the carriage weight is borne 
by ball bearing rollers mounted on springs 
ind running on tracks parallel to the guid 
ing surface. The lead screw is of fine-grained 


steel and is stress relieved, for accuracy 





rated from supporting bracket, machining is much 
simpler. The stator does not have a frame in the 
usual sense, but is built around the punchings. A 
building mandrel is set up, the punchings stacked over 
slot keys and hydraulically pressed. Steel angles 
are welded to end plates to lock the core in place. 












Equalized Pressure Mixing 


In Automatic Atmosphere Generator 


NEUTRAL, inexpensive atmosphere for bright hardening and 
brazing high carbon steels is produced by the Hyen Hydrizing 
Generator, manufactured by the Lindberg Engineering Com- 
pany of Chicago. Generator is fully automatic, does not require 
the use of charcoal. The atmosphere is made by cracking the 
methane or ethane constituents of natural] or artificial, propane 
or butane gas over a heated catalyst in presence of air, to pro- 
duce carbon monoxide and hydrogen. Air-gas ratio is selected 
by means of an adjusting knob on mixing machine. The 
mixing machine automatically draws the air and raw gas 
through the flowmeters and the mixing valve holds the desired 
air-gas ratio constant regardless of rate of flow or variable 
atmosphere demand placed upon the generator. Air-gas 
mixture is pumped through automatic pressure and flow valves, 
the automatic fire check and into the catalytic cracking retort. 
Retort is externally heated to incandescence by automatic 
gas-firing. The completely reacted dry, hot atmosphere can 
be piped directly to the heat treating furnace or cooled in a 
gas cooler for metering and distribution to more than one 
furnace. The Hyen generator also can be set to produce 
atmospheres for annealing, normalizing, and gas carburizing. 








JTOrPIATIC 


fire check Autormatic Gas pressure 


and flow valve ' 


Schematic Flow Diagram for 
Huen Hydryzing Generator 


“A 


heatira 
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Catalyst used is a cubed refractory 
material impregnated with nickel 
The retort is also of refractory ma- 
terial, which permits higher crack- 
ing temperatures that produce drier, 
cleaner gas. Generator shell is 3/16 
in. sheet steel. Insulation consists 
of 415 in. of 3000 deg. F. insulating 


brick and 4% in. of supporting 
brick. The entire unit is mounted 
on a steel base for easy moving 
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Vertical position of the piston in 
the mixer is determined by constant 
balancing of three forces: suction 
of the compressor, pressure of ait 
intake and force exerted by piston 
weight. As the mixture of air and 
gas is withdrawn from mixer, the 
piston lowers or raises in proportion 
to the demand Ihe greater th 
demand, the higher the piston is 
pushed up by the differential be 
tween air pressure and compressor 
suction. This automatic-piston ad 
justment is the basis of close volum- 
etric control. Close-tolerance ma- 
chining of the square intake ports 


assures constant air-gas proportion 


within the machine volume range 
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af air intake 


P--—-——————————————Q€€—àà aaa 





Mixer-Compressor unit is built by the 
Selas Corporation, Philadelphia It 
includes mixer, gas governor, and com 
pressor. The mixer is a sleeve-valv« 
consisting of sleeve and piston, each 
with two square orifices, one for gas, 
the other for air. The piston can be 
rotated to adjust gas-air ratio. It 
moves vertically for changes in mixture 
volume. Piston rotation is by manual 
adjustment. Vertical movement during 
operation takes place automatically to 
meet demand. 

Pipe connection from air intake to 
gas governor, just above diaphragm, 
transmits all variations in air pressure 
\ disk valve connected to the dia 
phragm, changes position with air pres- 
sure variations so that gas always 
enters the mixer at the prevailing air 
pressure. Thus, regardless of pressure 
variations in the air and gas supplies, 
mixing takes place with pressure equal- 
ized, which is essential for accuracy. 





Gas intake reduced 


fo air intake pressure 


pressure or or suction 
suction Air intake pressure 
ors -tron-ba/la 
Compressor I - anced 
Compressc 


suction 





-Hon 
noressor suction 
IO ^ 1 7 7 fce 


Air intake pressure 
r- suction 


EZ) Gas at varying pressure entering the 

bas Lovernor 
[. .] Gas at regulated pressure 

Air at varying pressure (affected by chana 
pheric conditions, by piping, a 


fF ating devices) 









1 
OW inc 





Uolift force equivalent to differentia! 
between compressor suction and air 


intake pressure and weight 


J 
nq 


Automatic fire check operates to stop backward 
travel of any flame in air-gas mixture lines caused 








by back-firing of burners. It automatically shuts 
off air-gas mixture supply feeding such a flame. 





(Continued on next 
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Atmosphere Generator 


re 









Valve spindle 


Bimetallic strips 







3 [i 
DU 
ZA 


Gas-airinlet 
from mixing 
apparatus 























Automatic fire check 












gears are flame hardened. A single lever controls all 
Speed control is interlocked to prevent en- 
gagement when feed screw is in use. A 3 hp. motor 
powers the new Dual DriVe lathe manufactured by 
R. K. LeBlond Machine Tool Company, Cincinnati. 





Low speeds through 


t$ 
(continued) 7 
Wl 
| 
lt 
TT 
| 
Backfiring flame is stopped bv the screen | Direction 
l'he flame burns on top of the corrugated of back- 
stainless steel screen, thus heating two bi fire . 
metallic strips. When heated, these move Screen 
» release the valve spindle, then closes the Va/ve -— 
valve to cut off the air-gas mixture supply 
\ check valve protects the apparatus 
against any explosive back-pressure waves 
* * > 
Dual Belt-Gear Drive Increases Lathe Adaptability 
TWO SEPARATE driving mechanisms—gear drive 
and direct belt drive—provide 12 spindle speeds in low speeds. 
and carbide ranges. Thus a wide range of machining 
jobs can be handled. Head housing body is a single 
casting for rigidity. Feed drive, tumbler, and cone 
Single lever 12 speed dual drive head stock, pressure lubricated 
speed control 





Feed box totally inclosed 
and automatically 
lubricated 


One piece apron wall 
totally incloses positive 
Jaw feed clutch and 


gear frain 


Plunger, one shot 
lubrication of apron 
bearings, cross slide and 
carriage shear bearings 







7wo-station clutch 
and brake contro/ 


Pushbutton control panel. 
Wired for coolant system 


















direct gear drive 





Single lever 
speed control 


|! Carbide speeds 
through belt drive 


- DUAL DRIVING MECHANISM 





Multiple 
autornatic 


length. stop 
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Rotors Clean Compressed Air Through 
Centrifugal Force 


THE ARIDIFIER cleans compressed air with counter-rotating rotors that hurl Clean dry ain 
contamination from the air stream by centrifugal force. Up to 92 percent of 
dirt, water and oil are removed from air lines without clogging, wear or back 
pressure. Clean air improves performance and prolongs the life of pneumatic 
equipment. The Aridifier, built by Logan Engineering Company, Chicago, is 
driven by the compressed air as it passes through the vaned rotors of the cleaner. 





DRY CLEAN AIR 






















weT piNTYfAIR DRAIN 

Pressure-tight cast iron housing incloses four freely-turning multi 

vaned rotors mounted on a vertical shaft. Rotors are medium impact 

phenolic material, cotton flock-filled. Plastic rotors are satisfactory 

up to 180 deg. F. The shaft is concentric with top and bottom open- 

ings for inlet and exit of the air stream. The air, striking against 

the rotor vanes, causes them to rotate at speeds proportional to the 

volume of air flow. Bearings carry full weight of rotors only at rest 

because lifting action of the air overcomes their weight in motion. Oil, dirt, wetair 
Aridifier is installed between air tank or pump and point of applica- 
tion. As air passes through the rotors, dirt, oil, fine scale, and 
moisture impinge on the rotor blades and are thrown bv centrifugal 
force to outer edges Tapered rings disperse contamination to 
the housing wall, which is clear of air stream. Contamination flows 
out of the housing to a trap. With temperatures over 180 deg. F. 
or Aridifier sizes larger than 3 in., aluminum is used for the rotors. 


) v - 
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Tap Support 
Increases 


Flute Grinder 


Accuracy 


SMALL spiral-pointed taps cannot be 
ground with consistent accuracy if the 
points are left unsupported. The Flute 
Grinder, produced by Edward Blake Com- 
pany, Newton Centre, Mass., has been 
designed for maximum accuracy in sharp- 
ening of tap flutes, especially the angular 
flutes on spiral-point taps. Principal ob- 
jectives were: support of point of tap 
being ground; accurate indexing; accur- 
ately-controlled wheel shape to control 
shape of flute; uniform grinding depth 
and length; and selective use of coolant. 


Tap point must be supported to prevent 
vibration Tap is lightly held by a 
draw-in collet. End of tap is supported 

semicircular back rest bushings that 
are hardened and ground. Safety is as 
sured by the design which requires load 
ing, indexing and feeding with hands far 
removed from grinding wheel, keeps op 
erator’s body outside of plane of grinding 
wheel and throws grinding dust down 


ward into bottom of coolant collector pan 


OS 


























Draw-bar for 
smal! collets Feed screw 


latch 


Fine feed 
stop 


Draw-bar for 
larger collets 


Indexing lever 


Fine 
Work clearance cross-feed 
crank handwhee/ 
Operating lever 

Diamond 


Splash guard 


truing device 
( shown /owered ) — 


Whee/ cross- 
feed screw 
( Micrometer- 


Starting reading dial ) 


switch 


i 
$ 
i 


?1 
~~. Main 
draw-bar 


Feed screw 
latch 


<— Index te 


Tap suppor? 
slide : 


FED «aaa 





Tap support 





Back rest bracket — 9} 


Eccentric locator arm 







Work head — operates on 
vertical slide and is 
counterbalanced by weight 
on opposite side shown. 
Can be swiveled to grind 
straight or at angles 


Edge of grinding whee/ 


Dressing diamond 
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| s Fhe 
Draw bar for larger 


Conversion collet handles small taps 


with sensitiveness not needed on 















J : : : 
1 large taps. Locator pin positions th« 
the way when x i j 
yrindino tap for length. Slide adjusting screws 


have sealed ball thrust bearings 


Ihe tool has rapid and fine feed 


YCA 
7 

aad 7 

| J. 7 7a 
4 
| y? y f J ed JW € , Back E 
r | afe f whe 
| | € 72 
, =j 

g 
J 





In operating position the screw hea 
disengaging latch is wedged against 
1 1 


the angled end of nut bar to lock 
the horizontal slide to the fine feed 
screw Pulling disengaging latcl 
forward disengages the feed screw 
so that the work clearance cranl 
operating through the rack and pin 
ion, quickly moves work well aw 

trom the grinding wheel to all 


space for loading and unload: 


Wheel trueing diamond can be 


t 


swung around to dress the face and 


sides of grinding wheel. Grinding 
wheels are sleeve mounted for quick 
replacement without balancing and 
sometimes may not require dress 
ing Wheel hood is adjustable to 
obtain best position for coolant 
nozzle. Coolant pump and tank ar 
separate units removable from pee 
estal for easy cleaning. The fluti 
TAP FLUTE GRINDING MACHINE | grinder can also be used for thin 


JUL — | |  TAPERED ROLLER BEARING ning the web on twist drills 
T ] SPINDLE 





nnd 
HT 


CRI 





PRODUCT ENGINEERING Jur. 1947 99 














PRODUCT DESIGNS 





Hydraulic-Electric System 
Operates Windows, Seat and Top 


POWER OPERATION of window regu- 
lators, seat adjusters, and folding tops is 
now applied to Buick convertibles. The 
system uses a single power unit—an elec- 
trically driven pump that applies pressure 
to the hydraulic fluid which is the power Hydraulic installation for | 
medium. Force applied is greater than power operated top, winidow 
è and seats 
normally can be supplied manually; there- 
fore moving parts have closer fits and are 
less inclined to rattle than conventional 
models. Window and seat controls are 
double throw toggle switches. They are niin 
pushed the same direction as the operator regulator, 
wishes the unit to move and are connected 
so that the driver may operate the seat and 
both windows, while the passenger may 
operate only the right window. 

The top control is a push-pull assembly, 
located on the instrument panel and nor- 
mally held in the “off” position by a self 
centering spring. It differs from the other 
controls in that it starts the power unit 
when either lowering or raising the top. 
The valve directs the fluid to the top or 
bottom of the cylinders, depending upon 
the position to which top is to be moved. 






To window F 
regulator 







HYDRAULIC-ELECTRIC DIAGRAM OF POWERED TOP, DOOR AND WINDOW SYSTEM 





Fola ding top contro 














a (* Odo valve and switch ) / 
| | j Fower unit solenoid 
| | relay switch assembly 

| | (part of motor) 
= = 
— = | 
I] 
Legend Power unit motor | 

I Pipe to cranking motor | 
| W fy. /7. AOOT V 


wire 





4 / 
ox 7 yara 

usn Š i " : fe ntl; | 
Control buttons for the seat and windows are electrical. stration. The power unit supplies hydraulic brake fluid 
l'he control for the top combines a hydraulic flow control to the system at a pressure of 200-210 Ib. per sq. in. The 
valve and electric switch, directing the fluid flow to raise force exerted will raise the windows in less than two sec- 
or lower the top and operating the power unit simultane- onds, move a fully loaded seat forward in under five seconds, 
usly. None of the units will operate unless the ignition and fully raise or lower the top in less than fifteen seconds 
is turned on. This prevents tampering during the owner’s The hydraulic system is not sealed, but is vented to the at 
absence and decreases a tendency towards excessive demon- mosphere in such a way that the fluid cannot become dirty 
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Door window ee nae GSAS QD AUD QUO DU d». 0D OD 7 
regu/afor $ 


When the seat is to be moved forward, or 
the windows raised, the particular switch 
energizes solenoids. These start the power 
unit and open the valve permitting fluid flow 
to the cylinder that actuates the seat or 
window. The power unit forces the fluid into | 
the cylinder, thereby causing movement of 
piston. When the seat is moved back or 
windows lowered, the switch energizes only 
one solenoid at the cylinder and fluid is 
forced from the cylinder to a reservoir at the 





pump by action of a coiled spring. Switches 
are normally held in the center position by a 
self-centering spring and the solenoids are 
not energized. Fulid cannot then flow and that 
which is trapped in the cylinder holds the 
unit at that position until the switch is moved 


r/ 








RANDOM NOTES 


Metal working by electric erosion has 
been announced by the Soviet Electric 
Institute. The discovery eliminates the 
need for cutting tools and Russian tech 
nical journals predict that the metal work 
ing industry will be completely changed. 
Briefly described, a vertical electromag 
net is set up to cause a small armature 
to vibrate. A clamp on the armature 
suspends a small metallic rod downward 
The work is suspended in a basin of oil 
beneath the rod or tool. Through mag- 
netic action, the tool contacts and recoils 
from the work as the tip of the rod 
“dances” across the surface of the work. 
By making the rod a cathode and the 
work the anode, spark discharge causes 
erosion of the metal. The “Technical 
News Highlights” will describe available 
details in next month’s issue. 


¥ 


Engineering and design work has been 
completed on the first aluminum cargo 
ship. The hull will be 40 percent lighter 
and will carry about 20 percent more 
than a steel freighter of similar displace 
ent. Freighters are to be built for the 
Aluminum Company of America and will 
use S-61 alloy for the keel, frames, deck, 
bulkheads, superstructure and hull plates. 
loining will be by riveting. Only the 
stern frame is to be a steel member. 

* k 

A rocket-assisted motor cycle has been 

tested by Prof. A. M. Low of London. 


* * * 


Magnesium plates for storage batteries 
have been built by an English firm. By 
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replacing lead with this light-weight ma- 
terial, battery operation for many vehicles 
is more feasible. A British motor firm 
claims to have perfected an electric motor 
car capable of doing 50 mph. 
ROT 

Knitting machinery, shown at the Knit- 
ting Arts exhibit, indicates increasing 
use of the light alloys for reciprocating 
members. Aluminum and magnesium for 
warp beams, bobbins and cloth rolls also 
are replacing wood because they resist 
the crushing action of nylon better than 
wood and the threads cannot pick up 
splinters from the beam or roll. 

v * v 

One-piece magnesium sectional spools 
that carry the thread for tricot knitting 
machines usually require a small radius 
between flange and head because of the 
notch sensitivity of magnesium. Knitting 
operators prefer a right angle joint so 
that threads will have uniform lengths 
and pressures along the beam. To 
achieve a rigid, right angle joint, Hayes 
Industries, Inc., Jackson, Mich., shrink 
fits threaded section of the flange to the 
spool. Malleable iron inserts in the heads 

hi 


give high resistance to wea! 


x- * 


To inhibit corrosion on large magne- 
sium spools, a thin wax film has been 
developed by DuPont. 


"E" 

An electronic pick counter has been 
developed by Sjostrom Electronic Count- 
er Co., Waltham, Mass. It counts and 
records the number of threads per inch 
of sample at a rate of 10 to 200 threads 


in 20 to 40 seconds. A photo cell and 


small light beam are moved across the 
sample in synchronism, one on each side of 
the cloth. Breaks in the light beam are 
recorded by a counter. 


k x * 


Electronic speed control for a hosiery 
knitting machine has been developed and 
applied by Fidelity Machine Co., Inc 
Philadelphia and General Electric. Cam 
action sets the motor control potentiom 
eter to speed or slow the knitting action 
as required by heel or leg sections of the 
stocking. Electronic trips stop the ma 
chine if a thread or a needle breaks 


By spraying liquid onto a thread winder 
roll, rather than dipping each thread, the 
moisture content can be controlled at any 
percentage. The Surco method, devel- 
oped by Kearny Manufacturing Co., Ine 
Kearny, N. J., obviates splashing, stick 
ing and gumming and has a closer con- 
trol of moisture content than dipping 
methods. 


Cast magnesium wings, of symmetrical 
shape, for supersonic aircraft will soon 
be announced. Bell Aircrafts XS-1 
utilizes cast aluminum wings machined 
to size. 


* ¥ * 


A leading shipbuilder in England is 
electroplating the lining of íresh-water 
tanks and milk tanks of ocean-going ves- 
The tanks are filled 
with seawater, carbon electrodes are im- 


sels with seawater. 


mersed therein, and a ten-volt 200-ampere 
current is passed for 48 hours. Mag- 
nesium chloride is deposited on the tank 
wall as a white substance. 
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Electronically Controlled Tracing Head 


ELECTRONIC CONTROL applied to oxyacetylene machine cutting greatly simplifies template prob- 
lems because the electronic tracing head follows an outline drawing on paper. The cost and manufac- 
turing time of wooden or metal templates is reduced by using paper drawings and the storing of patterns 
is less space-consuming. The “Electronic Bloodhound," developed by Air Reduction Company, N. Y., 
and General Electric Company comprises a tracing head and a control box that can be applied to most 
standard pantograph-type cutting machines. Accuracy to within a few thousandths of an inch is possible. 












Steering 


motor 


=“ Light spot deflected I2 in. Fom true Tacer wheel- 


center of optical unit 





Steering motor 
Arrangement of optical unit, tracer spindle, g 


steering motor and worm geor drive in the 
tracing head 





Tracing head incloses two photo electric tubes, ampli 
her tube, electric light bulb, potentiometers, and el Spot traces edge 
trical connections in a dust tight case. It also houses ---- of this black area 
{ three electric motors that control tracing head on The GUOWIP 
movement; these are the steering motor, tracer driving 
the motor that raises and lowers the head 
Side View 
Operation of the steering motor is controlled by a 
in. dia. light spot projected from the base of the 


ng head, reflected from the drawing, and picked 


by the photo tubes. An optical unit, mounted in 
a tube rotatable about its vertical axis, focuses the 


ht spot about in. off that axis. The freedom ot 





* ; * $ ^ 4 1 t + - 1 l L = 
rotation permits the optical unit to be turned by thy amma ng 
C ss 1! , Operation of tracing head when following a straight line. The lig 
teering motor gear train so that half the spot is on thi spot is centered, half on the black outline and half on the white 
k ] f the drawing and half is on the white pape: background. When this condition exists, no rotation of the steering 


motor armature takes place 
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ya er whee/ 


Steering 
mmotor 





Area 


--.being 
traced 
ght x 
n Operation of steering motor 
C 


when more than half the 
spot of light is directed on 
the black outline 


light provides a signal, that, 


reflected 


Intensity oi 


amplified, causes rotation of the steering motor. Thus 
the optical system and tracer spindle are rotated in a 
counterclockwise direction until light equilibrium has 


been 


restored. The signal is weak when the spot is 
on a black area; strong when on white. When 
the light spot falls on half white, half black area, no 


tation of the steering motor armature takes place 


When more than half the light spot is on white back 
ground, increased signal strength causes the steering 
motor to rotate the optical system and tracer spindle 
in a clockwise direction until light equilibrium is 
traced wide 


Errors at corners and sharp angles can be reduced 


restored. Lines to be should be à in. 


by modifying the template drawing as shown below 











Operation of steering 
motor when more than 
half the light spot 
becomes centered on 


the white background Right M 


hana 


Tracer whee/ 


worrm 


we 
ali M 
nmm — 
4 4 4 | — 
VP 
á worr Modification cf 
Steering 7 ( 
~ rawing to produce 
motor j i runo TE 
Lesired : desired shape 
eee ee ee 
shape `$ 
k 
2 ? M Mot A 
! 4 ght pie on Å 
spot O ^ 4 
“ght sport 


Line being traced 












Raised Operating 

F P i ! handle 
! endgarte : Oil 
i 1 cylinder, 
; | Pulley l 
! | co b/e, 
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\ 





i 
‘Lowered 
endgate 


~~ Raising arm 
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7 
Power take-off 


Hydraulic Operation 
0f Tailgate 


Elevator 


LOADS ARE LIFTED from ground to 
truck bed level in 10 seconds by this hydrauli- 
cally-driven endgate. Lifting capacity is one 
ton. A pump, connected to the power take- 
off, supplies the oil cylinder that operates the 
gate. When not operating as an elevator 
the endgate may be swung down or up, or 
used to carry extra pay load, just as a con- 
ventional tailgate. The Elevating Endgate is 
built by Fruehauf Trailer Company, Detroit. 


36 in 
truck 
Operating levers at the side and end of truck 


Steel endgate platform is 3 in. thick, 
deep, and comes in widths to fit the 
control speed and stopping position as oper- 
l'he endgate stops automaticallv 


levels 


ator desires 


when reaching ground or truck body 
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Automatic 


Ignition 


For Gas Ranges 


THE RANGE-LYTER is an automatic 
igniter for domestic gas ovens. It cycles 
each time the manual valve is operated 
to light range or broiler. For safety, gas 
can flow to main burner only when there 
is a flame to ignite it. The one basic con- 
tinuous cycling unit is adapted to three 
types of ignition: gas, electric hot wire 
and flash tube ignition. Range-Lyter is 
built by Bryant Heater Co., Cleveland. 


Thermostatic element is a single strip of 
stainless steel, which is not affected by 
small variations in the pilot flame. No 
complicated linkages are used When 
l opened in gas ignition model, 

port of Range-Lyter where 

by auxiliary pilot. Heat pro 

ort causes thermostatic 

move, lifting the ball valve 

seat, thereby allowing gas to 

fow to oven where it is ignited by Rangi 
yter In the electric ignition model a 
low-voltage, hot-wire coil replace s the gas 
ot flame. As the thermostatic element 
oves, it breaks the coil circuit, thus re- 


lucing current consumption to a minimum. 
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Range- 


E . , Lyter 
Auxiliary pilot 


Wange-Lyfer 
Auxiliary pilot port 


GAS FLOW AFTER THERMOSTATIC ELEMENT ACTUATED 


CYCLING ELECTRIC IGNITION 





4 vo/fage 
coil 








| GAS FLOW AFTER THERMOSTATIC ELEMENT ACTUATED 
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Fig. |—Stampings in a wide variety of sizes and shapes can be made in small quantities at low die cost. 


Metal Stampings in Small Lots 
At Reasonable Fabrication Cost 


M. J. MIKULAK 
Dayton Rogers Manufacturing Company 


Details of designing stampings for low-cost production with temporary or push- 


through dies. An example is cited showing the comparative costs of an equiva- 


lent part made by different methods. Tolerances on stamped parts, ass2mbly tol- 


erances and other design data are discussed in connection with fabrication costs. 


METAL STAMPINGS in 


lots is a service, or process for produc- 


small 


ing a limited number of die cut parts 
Al- 


though the so-called temporary, or 


without prohibitive die cost. 
push-through dies of this process were 
known 25 years ago, only in recent 
ears has the manufacture of them 
been undertaken on a production basis, 
whereby the cost could be reduced to 
practical levels. 

At first only simple blanking and 
piercing operations with liberal toler- 
ance limits were considered, but as 
more experience with the process was 
gained forming operations were also 
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included. During the last decade, new 
techniques have been developed until 
now no metal stamping is too in- 
tolerance limit too 


tricate, and no 


close for this small Jot process. 


Design Fundarientals for Stampings 


The fabrication of metal stampings 
in small lots closely parallels the pro- 
duction of the same parts by conven- 
tional stamping methods in that a few 
basic requirements should be met to 
Many 


experienced designers either fail to ap- 


gain economy of production. 


preciate the significance of these fun- 


damentals, or are not familiar with 
the:a, for the fundamentals are often 
disregarded in the design of parts to 
be made as stampings. 

often 
need not be held to closer tolerances 
than the 
would be held on castings. 


Dimensions on stampings 
dimensions 
But the 
tolerances on stampings usually are 


corresponding 


comparable with the limits specified 
on machining operations, and conse- 
quently, cost of production is in- 
creased with no gain in utility of the 
part. Where 


necessary, they can be held on stamp- 


close tolerances are 
ings of good design. For the greatest 
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Dowe/ 
extrusion, 





^ 


+0.002 ‘tolerance 


(A) 


Fig. 2—{A) Dowel extrusion can be useful in aligning parts; (B) is less desirable than (C) in precise location of holes. 


economy, plus or minus 0.002 in. is 
the recommended tolerance on the 


size and distance between holes, al- 
though these limits can be held to plus 
or minus 0.001 in. when necessary. 
On blank dimensions up to 3 in. a 
tolerance of plus or minus 0.005 in. 
is a reasonable minimum, with an ad- 
ditional 0.005 in. 
3 in. of length. 
On a 


stampings the 


for each additional 


great majority of metal 


size and location of 
more critical 
than the contour of the blank. Also 


holes can be pierced more economi 


holes is considerably 


cally than they can be drilled. In drill 
ing there is practically no limit on 
the location of the hole with respect 
to the edge of the part. In piercing, 


on the contrary, holes should be 
located to allow a distance equal to 
the thickness of material between the 
edge of the hole and the edge of the 
part so as to avoid a bulge on the peri- 
phery. On thin material the edge dis- 


On 


more, it 


least a5 in. 


thicker materials, of 1 in. or 


tance should be at 


can be less than the thickness of ma- 
of the 
increased. rigidity of the thicker ma- 
terial. 
Many 


stamping are used as bearing surfaces, 


terial in some cases because 


times the holes in a metal 


requiring a smooth finish that is free 
‘This 


is particularly true on parts for in 


trom tool marks and fractures. 


struments, clocks and light machines. 
Such 


pierced undersize and then reamed to 


holes are usually drilled or 
If the hole is pierced, minute 
fractures are the 
perimeter of the hole, which will ex- 
tend into the 


size. 
present on entire 
material around the 
hole in varying amounts, depending 
on the thickness. For this reason, it is 
advisable to allow a little more stock 
for reaming to be sure these fractures 
are eliminated. ‘he following table 
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(A) 
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(B) 


Fig. 3—(A) Where precision in positioning is essential, holes can be referenced 
to that side of a formed portion to avoid variations in sheet thickness. (B) Mini- 
mum distance of holes from the formed portion for economy in stamping. 


B || 


NA] 


(8) (C) 


(A) 


at 


Fig. 4—Designs (B) and (C) are easier to form than the design shown at (A). 


gives the recommended allowance for 


various thicknesses ot sheet material: 


Material Pierce 
thickness, undersize, 
in in. 
0.032 0.005 
0 062 0 OOS 
0 125 0.015 
0.187 0.022 
0.250 0.028 
0.312 0.032 
0.375 0.050 
0. 500 0.062 





When two parts are to be bolted, 
riveted or spot welded together, it is 


advisable to provide a hole in one 
part and a dowel extrusion in the 
other for this purpose, as shown in 
Fig. 2(4). This hole and extrusion 
can be held to close tolerances and 
will provide a simple means for accu 
rately positioning the parts. The bolt 
or rivet holes would not be accurate 
enough because some clearance must 
be allowed on the holes to insert the 
fastening means. 

A common application for metal 
stampings is slide plates in many dif 


Usualls 


there are two of them mounted on 4 


terent types of equipment. 


common base in which the alignment 
of the corresponding holes is critical. 
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Most designers locate these holes from 
the formed side as shown in Fig. 
2(B). This is impractical and costly 
because it is difficult to hold this di- 
mension to close tolerances as will be 
explained later on. A more practical 
and accurate design is shown in Fig. 
2(C). This consists of a substantial 
leg which rests on the base and from 
which all holes can be located to close 
tolerances. This leg, or legs, should 
extend from 0.005 to 0.010 in. past 
the formed portions at X to make sure 
they will rest firmly on the base. 
Many times a hole must be posi- 
tioned within a close tolerance to a 
formed side of a part, Fig. 3(4). 
Since the thickness of the sheet varies, 
0.004 in. being the recognized varia- 
tion in 0.125-in. stock, the surface on 
the formed side of the part that will 
exclude the sheet thickness should be 
made the reference plane. If possible, 
the surface on the formed side nearer 
the hole should be the 
reference plane because dimension M 
is easier to hold than dimension P. To 


chosen as 


hold dimension P to close tolerances, 
the hole must be pierced after the side 
is formed, thereby causing extra tool- 
ing and fabrication expense. 

Since the most economical way to 
produce metal stamped parts is to 
blank, pierce and then form, a hole 
should be far enough away from a 
formed portion so as not to be dis- 
torted by the forming operation. It 
tound that 


has been if the distance 


(A) 


between the edge of the hole and the 
inside surface of the formed side is 
equal to, or greater than, one and one 
half times the thickness of the mate- 
rial, plus the inside forming radius, 
the hole can be pierced before form- 
ing, Fig. 3(B). If the hole must be 
closer to the formed portion than this 
distance, 
forming to avoid distortion. 
are, of course, exceptions to this rule, 
depending upon the type and thickness 


it should be pierced after 
‘There 


of the material and the radius of the 
forming punch. 

In the small-lot stamping service 
90 degree bends are made on stock 
dies. No tooling costs are involved, 
particularly on parts where the bend 
extends the full width, or length, of 
the part. On the other hand, if the 
bend extends only part way across the 
blank, Fig. +(.4), difficulty and ad- 
ditional tooling will be encountered 
unless the design is made to avoid 
them. Forming such a part requires 
not only that the material be bent 
but also that it be sheared loose at 
the edges marked Y. It is evident, 
therefore, that a special forming tool 
has to be made for each bend of this 
the 
adjacent to the sheared edges must be 
held tightly, otherwise, it will pull 
up with the formed portion, tear and 


design. [In addition, material 


leave an unsightly appearance. Figs. 
4(B) and (C) show designs that can 
be formed with standard 90 degree 


tools. Normally, the notches on either 





Fig. 5—(A) Formed portion that is too short to yield a top edge parallel with 
base. (B) Minimum height if edge is to remain reasonably parallel to base 
after forming; a greater height is recommended if parallelism is important. 


(A) 





Fig. 6—{A) Springback is likely to cause an extra forming operation for 


materials with tempers exceeding half hard. 


(B) A pilot hole can be used 


to position the blank of a U-stamping when holes in the legs must line up. 
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edge of the formed portion, Fig. 
4(C), are made equal to the thickness 
of the material, or not less than s in. 
for thin materials. 

When designing parts with 90 de- 
gree forms, it is always important to 
consider the height of the 
formed portion. The outside surface 


inside 


is under tension and has a tendency 
to shorten the outside height. If the 
total height of the formed portion is 
small, the edge may be left 
parallel to the base, Fig. 5(4). The 
minimum height for parallelism is in- 
dicated in Fig. 5(B). If the non- 
parallelism of shorter heights is ob- 


non- 


jectionable, then additional material 
must be allowed for in the blanking 
die and the formed portion trimmed 
to the required height after forming. 


Springback 


Practically the same conditions ap- 
ply to the common U-shapes that 
apply to the 90 degree bends. In ad- 
dition, spring back of the material 
must be allowed for. Soft materials 
generally take sufficient set in the 
forming die to give little trouble from 
spring back. Materials in which the 
temper half-hard generally 
will produce an open-U, as indicated 
by the dotted lines of Fig. 6(4). To 
get formed parts having parallel legs 


exceeds 


at 90 degrees to the base, usually re- 
quires a re-hitting operation. The cost 
of a re-hitting die for U-forms, par- 
ticularly where the distance between 
the two legs is small, frequently ex- 
ceeds that of the initial forming die. 
The specification of materials that 
have little or no spring back, there- 
fore, is often desirable. 

Holes can be pierced most eco- 
nomically in the flat blank of a 
U-shape stamping prior to forming. 
This has the objection that shifting 
of the blank during the forming oper- 
ation affects the alignment of holes in 
the legs of the U-shaped part. To 
avoid this trouble one method is to 
pierce a pilot hole in the base of the U 
simultaneously with the piercing of 
the other holes, Fig. 6(B). The pilot 
hole serves as a means of positioning 
the blank and holding it from shifting 
during the forming operation. If a 
pilot hole is not permissible, then the 
holes in one leg can be pierced before 
forming. After forming, one or more 
of these holes can be used to position 
the U-shaped piece for piercing the 
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—— 


(A) (B) 


(C) 


Fig. 7—The design shown at (B) or (C) is preferred to the design shown 
at (A) for ears or stops on stampings to prevent ragged or torn edges. 


hole, or holes, in the other leg. The 
additional tooling and labor make the 
last method the least desirable. 
Lancing operations cause more tool 
trouble than the other operations be- 
cause the tool has to shear and form 
In the 
small-lot metal stamping method this 
requires exact alignment of the punch 


the material simultaneously. 


ind die at all times to avoid burrs on 
the lanced edges and to avoid break- 
down of the tools. Besides alignment 
of the tools, the temper of the mate- 
rial being fabricated also effects the 
If the material 

not soft enough to form satisfactorily, 


lancing operation. 


ragged fractures will develop at the 
forming line, that is at the position 
marked X in Fig. 7(4). Ragged frac- 
tures are indicative of loss of strength 
of the part as well as of poor design 
or workmanship. A more satisfactory 
design for producing an ear of this 
type is illustrated in Fig. 7(B). If 
a notch equal to the thickness of the 
material and not less than a» in. is 
pierced around the portion to be 
formed, then forming the ear with a 
standard 90 degree V-die is a simple 
matter. 

If notches are not permissible for 
other engineering reasons, piercing 
holes in the part at the forming line is 
helpful, Fig. 7(C). 


lieve the forming stresses and pre- 


Such holes re- 


vent cracking. After the holes are 
can be lanced in the 
regular manner. Ears of this tvpe 


pierced, the ear 


frequently serve merely as stops or 
trip dogs. Accordingly they are com- 
The proportions al- 
ready described of 90 degree V-bends 
are satistactory for the forming oper- 
ation. If short heights are required, it 


paratively short. 
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may be necessary to allow extra ma- 
terial, which can be cut off to the 
desired height after forming. 


A Good Example 


Economy of the small-lot stamping 
service can be illustrated by compar- 
ing the costs of producing the same 
part by different methods. "The small 
bracket, Fig. 8(4), was originally de- 
signed as a casting because the quanti- 
ties were small. The breakdown of 
the cost of the first 200 cast pieces was 
as follows: 


Item for casting Cost 
bode eo cocoa vie xn $10.00 
Milling fixture (for finishing bot- 

Ee eet rn eer 22.00 
Drill jig (three Holes) ......... 18.00 

BEIDE i ouuots dux i o ao $50.00 
OU MEE 22. orerweedbn ia aA 9.50 
Milling operation ............. 7.00 
DENM LE scecaxsi on apo dns 5.00 
Cleaning and painting ......... 3.50 


Production cost of 200 pieces $25.00 
Total cost of first 200 pieces.... $75.00 
If the designer had specified a 
stamped part, Fig. 8(B), for produc- 
tion with permanent tools of conven- 
tional type, the breakdown of costs, 
according to the designer’s estimate, 
would have been as follows: 


Item for Conventional Stamping Cost 
Compound blanking and piercing 


die (including extrusion)..... $125.00 
PONE EE Veoukosror vete 65.00 
UE iin wos seats $190.00 


Blank, pierce and extrude 200 


pieces TT7172T017771171 771117 2.25 
E a EER ES 1.75 
Material for 200 pieces.......... 1.20 
Cadmium plating .............. 1.85 





Production cost for 200 pieces $7.05 
Total cost of first 200 pieces.... $197.05 


costs of making 
stamped part on small-lot equipment 
were as follows: 


Comparative 


Item for Small-lot Stamping Cost 
O £e $16.00 
Piercing die (including extrusion) 6.00 


Forming die, standard equipment, 
which, like machine, is not 


charged to piece ....... eoe 0.00 
Tad MEME 8 nc inks sdk weber $22.00 
Blanking 200 pieces ............ 4.20 
Pierce ONG extrude .....o ers 5.60 
Forming SIN E ede EA RN 3.50 
Material for 200 pieces ........ 1.20 
Cadmium plating ....... ne 1.85 


Production cost of 200 pieces $16.35 
Total cost of first 200 pieces. .... $38.35 


After the first units had been as- 
sembled, two design changes in the 
part were considered desirable. One 
was a change in contour, which was 
made for a tool charge of sixteen dol- 
lars. The other was the size of one 
of the holes, which was made for an 
additional charge of a dollar and 
half. ‘To have made these changes in 
the stamping for manufacture by con- 
ventional methods would probably 
have required replacement of the 
blanking and piercing tools. 

If the comparison is based on pro- 
duction costs alone, the small-lot 
stamping service is between the other 
two. Regardless of the quantity, 
therefore, the casting could not be 
made at less cost. The casting is also 
a heavier part than the equivalent 
stamping. A quantity of about 4,000 
pieces is required if the lower produc- 
tion cost of the conventional stamping 
method are to offset the higher tool- 
ing costs. 

Past practice has been to limit the 
quantity of parts made by a set of 
tools in small-lot service to 8,000 or 
10,000 pieces. There are two reasons 
for the limitations: First, large quanti- 
ties generally can be made more eco- 
nomically by conventional methods, as 
illustrated in the foregoing cost com- 
parison. Second, tool wear becomes 
noticeable, although the tools on some 
forming, drawing and extruding oper- 
ations can be used for as many as 
15,000 or 20,000 stampings before 
they fail to produce parts of accepta- 
ble accuracy. 


New Equipment 


Recently a new blanking technique 
called the “cushion blanking die” was 
developed. Conventional presses can 
be set up for using this new patented 
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equipment. The same type of short 
run tools are used, but the cushion 
blanking die has made possible an in- 
crease in the rate of production by 500 
percent and the die life has been 
doubled. 

This new machine is used for 
blanking out metal stampings only. 
The blanking method previously used 
in the short run process was quite 
slow in comparison, causing the labor 
price to be quite high. The same kind 
of tools are used in the cushion blank- 
ing technique, but the punch and die 
are inverted so that the punch is 
fastened to a special bolster plate and 
the die is suspended above it on a 
pneumatic cushion. "Phe cushion is 
also provided with an ejector, which 
is operated by a cam fastened to the 
press crank for ejecting the stamping 
from the die. A unique adjustable 
automatic stop permits the operator 
to run the press wide open on this 
blanking operation. 

A new piercing press, Fig. 9, was 
developed during the past two years. 
It was designed especially for use in 
making short run metal stampings. 
The press is automatic in that it is 
tripped by contact with the work, 
which allows the operator to use both 
hands freely in placing the parts in 
the press and in taking them out of 
it. Two, three or four of these presses 
can be grouped together so that sev- 
eral holes of different sizes can be 
pierced with one handling of the part. 
This has eliminated the extra han- 
dling of the parts, which was the 
greatest factor in determining the cost 
of piercing holes by the short run 


method. Also in allowing the oper- 
ator to have both hands free, larger 
parts are more easily handled to give 
lower production costs. 


Advantages 


To illustrate clearly the advantages 
of the small-lot stamping service, a 
consideration of some of the problems 
that confront a manufacturer in get- 
ting a new machine product on the 
market might be worthwhile. Next 
to initial cost of production probably 
the most important problem is the ele- 
ment of design change. Even though 
extreme care is exercised in design- 
ing a machine or product, minor 
changes, such as the relocation of 
holes to facilitate assembly, adjust- 
ments to provide greater or less clear- 
ance between moving parts and other 
alterations are alwavs possibilities. 

When circumstances are such that 
a complete redesign makes new tools 
necessary, the temporary dies are 
much less costly to discard than con- 
ventional dies. Moreover, standard 
tools for forming and other operations 
can be laid aside for use in the fabri- 
cation of other stampings. 

Of equal importance in deciding 
on the type of tooling to make a part 
is the quantity ultimately to be re- 
quired. On some special machinery 
or equipment, the manufacturer 
knows in advance that the quantity 
will be limited and is guided accord- 
ingly. Common practice on machines 
in this category has been to make 
many parts trom cast iron because the 


tooling for conventional stampings is 





s" H.H. C. R. STEEL 


Fig. 8—{A) Small bracket made as a casting. (B) Same part weighing con- 
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siderably less, made as a stamping from half-hard corrosion-resistant steel. 





expensive. The small lot stamping 
method has eliminated this factor. 
On the other hand, there are a 
great many instances in which the 
number of pieces ultimately to be 
needed are unknown. In fact, the re- 
quirements on many products cannot 
be determined definitely until after a 
limited quantity have been put to test 
It is here that well- 
designed products sometimes fail for 


by the users. 


one cause or another. At other times 
the designer of a machine tries to 
embody too many improvements 
simultaneously, making the product 
impractical until design changes are 
made. 

Handmade samples, in the past, 
seem to have been the answer to the 
question: How can a small quantity 
be made of all the stampings required, 
without going into a lot of tooling 


expenses? "These handmade samples 
































































































































Fig. 9—An electric piercing press 
of recent design that operates auto- 
matically upon contact with the work. 


still left something to be desired. ‘They 
were expensive and no two were ex- 
actly alike. They did not fit or per- 
form in the same manner as die cut 
pieces. These are typical of the 
reasons why designers and manufac- 
turers in practically all branches of 
industry are turning toward the mak- 
ing of metal stampings by small-lot 
technique. 
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MALLEABLE IRON CASTINGS 


Grades, Design Data and Applications 


JAMES H. LANSING 


Consulting Engineer, Malleable Founders' Society 


Mechanical and physical properties of the standard grades of malleable iron and of 
pearlitic and alloy malleable irons. Design data include recommended radii of fil- 











lets on ribs and sections, allowable rib and section thicknesses, and factors con- 


MALLEABLE iron castings, despite 
the inroads made by other methods 
of making equivalent parts, have had 
a phenomenal growth in vearly ton- 
nage for more than a century. Losses 
in one field of application or indus- 
try have always been more than offset 
by expansion and gains in another. 
This growth can be attributed to the 
the mal- 


ductility and toughness, 


engineering properties of 
leable Irons- 


machinabilitv, wear and corrosion re- 


sistance, damping capacity, notch- 
fatigue strength and others. 
Standard malleable iron in two 


grades, the many grades of pearlitic 
malleable irons, and the alloy mal- 
leable irons provide a variety from 
which a material can be chosen that 
has the combination of engineering 
desired for a 
Upheld by 


proved melting control and annealing 


properties expressly 


given application. im- 
technique, these materials are assured 
f uniform quality. Furthermore, the 
design of parts to take advantage of 
the properties of malleable iron has 
ontributed toward the expanding use 
of the metal. 

To be well designed, a casting must 
be more than a part of adequate size 
ind shape; the size and shape must be 
that the 


lerwise made ready 


uch can be and 


td 


part cast 


for assemblv in 


he end product. 


Enough considera- 
on is not always given to designing 
istings that may be made readily in 
‘Too 


inability 


" f 
the foundry. often, a demon 


trated to produce satisfac 


torily and economically a part in its 
original form has had to be the lever 
whereby changes in design were ef 
tected. 


lhis has happened not alone fo: 
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cerning the design of cored parts. Uses of malleable iron products are illustrated. 


malleable iron castings but for the 
castings from other metals as well. 
Indeed the malleable irons have been 
affected less than some of the others 
because of the good casting charac- 


teristics of the metal. Proportioning 
or dimensioning a casting expressly 
to aid the formation of sound metal 
in every section, even when unneces- 
sary, betokens quality in design. 


Ribs and Sections 


Ribs on castings are almost as com- 
monplace as castings themselves. 
Often they are used to give a part 
strength or rigidity or to save metal 
and weight. Sometimes ribs are added 
for the sake of appearance. Fig. 
1(4), an automotive pedal bracket, 
shows a rib that was added for feed- 
ing metal into and from the central 
casting. In general, 
a light section is joined 


boss during 
whenever 
to a mass that is relatively much 
larger, like the boss just mentioned, 
one rib or more fanning out from the 
heavy portion onto the section is de- 
sirable design. 


A taper on ribs is customary. Some- 





times the taper is toward the thin 
section only, but preferably it should 
be toward the larger mass as well. 
Fig. 2(4) gives some design details. 
A rib should merge into both sections 
with fillets of large radii. Table I 
lists suitable radii for fillets. 

Plates in tension, ribs in compres- 
sion is a good rule to follow in ap- 
plying ribs in the design of malleable 
iron castings, particularly when the 
part must resist impact or shock 
loads. Fig. 2(B) illustrates this rule 
diagrammatically; Fig. 3 illustrates 
it with an application. The part is 
an axle clamping plate for a truck. 
By means of U-bolts the plate holds 
the axle against a spring. The plate 
is subjected to severe stresses and 
shock loads in service. 

Originally the design, Fig. 3(4), 
essentially a curved plate, 
strengthened by four ribs on either 
side of the U-bolts. These ribs were 
Failures started 





Was 


in tension. with 
small tension tears in the outermost 
fibers of the outside ribs, followed by 
failures of the inside ribs and of the 
part. The part was redesigned to place 
the ribs in compression and the plate 





Table I—Recommended Radii of Fillets for Joining Sections at Right Angles 


Section * Fillet Section* 
Thickness, radius, l'hickness, 
in in. in. 
1/8 1/8 5/8 
1/4 | 1/4 | 3/4 
3/8 | 3/8 | 7/8 
1/2 | 1/2 l 


Fillet Se ction* Fillet 
radius, | Thickness, | radius, 
in | in. in. 
| | 
| 1/2 | 1 1/4 3/4 
| 5/8 | | 1/2 7/8 
| 5/8 | 1 3/4 | 7/8 
3/4 2 l 


* For walls of unequal thickness, use*thickness of thinner section. 


a ne RR —————— € 
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a A -7 t or greater 







5 fo / taper 
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/ (See fab/e I) 


(A) 


Q60t to 
FIG. 2 Q85t 


in tension, thereby ending the trouble 
trom breakage. The three drainage 
holes of the redesign are formed in 
the mold as the pattern is drawn. 
Additional strength is sometimes 
gained by beads on the edges of ribs 
w plates. However desirable a bead 
may be, it should not be so placed 
as to interfere with drawing the pat 
tern from the sand. Beads on the 
mold parting line and on either the 
upper or lower pattern surfaces in 
the mold can be readily produced 
without the use of cores. A bead 
should not be heavy enough to make 
feeding it necessary. A bead thick- 
ness of twice the thickness of the sec- 
tion is satisfactory, Fig. 2(C). Thus 
if a rib is V4 in. thick, a bead '%-in. 
high on each side would be used. 
Sections preferably should be of 
uniform thickness and as nearly equal 
in thickness as possible. 'The shock 
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Fig. I—(A) Pedal bracket de- 
signed with Rib (a) to aid feed- 
ing the plate section during 
casting; (B) Cored steering gear 
housing designed with a heavy 
section shown at (b), to insure 
sound cast metal throughout. 


Fig. 2—(A) Design details for 
ribs; (B) plate in tension, rib in 
compression is good design 
practice; and (C) A bead for 
additional strength or rigidity. 


Fig. 3—(A) Original design 
with ribs in tension; (B) Later 
design with ribs in compression. 





Handbook “American Malleable Iron” 


111 














Table lI—Mechanical Properties of the Malleable Irons in Tension 


Designation f A.S.T.M Ultimate Strength, Elasticitv, Elong. 
and Grade Specification Strength, Ib. per million lb. in 2 in. 
Ib. per sq. 1n. per sq. In. percent 
sq. 1n. 
Standard, 32510 Aà47-33 30.000 32.500 250 | 10 
Standard, 35015 \ -47-33 53.000 35.000 25 0 18 
Pearlitic, 43010 \-220-44T 60,000 43,000 | 10 
Pearlitic, 50007 1-220 441 65.000 350,000 7 
Pearlitie; 60005 4 -220-44T 75,000 60,000 5 
Pearlitic, 70003 1-220 441 90 . 000 70,000 3 
Copper molybdenum 58.000 65.000 40.000-45,000 15-20 


Minimum 


Yield Modulus of | 





Remarks and Uses 


Most automotive and agricultural malle- 
ables, electrical and high strength pipe 
fittings, light castings and ones of intricate 
design, parts to be machined at exception- 
ally high speeds. 
Manv railroad malleables, also automotive 
malleables, parts where higher strength and 
ductilitv are desired but which must also 
| have excellent machinability. 
I 

| 

| 


""—" mud didus diana, gears, 
sprockets and gear blanks, tractor brake 
drums and equalizing links, hand tools, and 
applications where increase d strength and 
wear resistance are more important than 
higher ductility and machinability. 
Rocker Arms, Diesel pistons, crankshafts 
and camshafts, transmission shifter yokes 
and applications where still further in- 
creased strength and wear resistance are 
more important than higher ductility and 
machinability. 


wrench 

higher 
that of 
with no 
and 


Freight car butter castings, pipe 
handles, use in general where 
strength and vield point than 
standard malleable are desired, 
appreciable decrease in elongation 


ductility. 





absorber reservoir, Fig. illustrates 
a design in which the body. the at 
taching lugs and the sections joining 


the nearly all of 


lugs to the body are 
The use of staggered 


the 


equal thickness. 
ribs helps in. balancing masses of 
different When 


two sections of unequal thickness are 


metal at sections. 
the thinner should 

least '4 the thickness of the thicker 
Fig. 5 


proportions for sections joined to one 


joined together, 


section, shows suitable design 


another at right angles. The taper de- 


sign, in addition to fillets, is recom- 
mended when the thinner section is 
between '4 and 3/5 the thickness of 


the thicket section, 
tor 
limitations on 


\ reason these 


recommending 
the ratios of section 
thickness is apparent. Malleable iron, 
like many other cast metals, 


strength 


has low 


during solidification. Since 


the rate at which the molten liquid 


solidifies, starting at the mold 


sur- 
tace and progressing inward, is vir- 
tually the same regardless of the 


thickness of the section, a thin section 
become completely solid, begin 
to cool and shrink before a thick one. 


will 


| he stresses caused by the cooling and 
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Fig. 4—Houdaille 


contraction of one section in advance 
of another are likely therefore to cause 
cracks or tears in the metal prior to 
its complete solidification. 


Bosses and Cored Holes 


Any combination in which a boss of 
relatively large mass is circumscribed 
example a 
the multilateral con- 
be the cause not only 
the fillet areas but 
also of porous spots within the boss. 


by a plate section, for 
webbed wheel, 
tractions may 


of tears within 


shock absorber reservoirs before and after machining. 


Of course the foundryman will feed 
the 
sible, 


casting through the boss, if pos- 
but often there is insufficient 
space for the inclusion of an adequate 
Where possible, better de- 
sign is to reduce the mass of the boss 


feeder. 


by using a cored hole. 

Sometimes the cored hole can be 
designed so as to equalize the plate 
section and the boss. Fig. 6(4) illus- 
trates such a design. Wheel hubs that 
require bearing throughout the boss 
can be designed with a cylindrical 
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NOTE.- Use dimension C for 
determining valve of 
A from Tablel 


Taper design of 90° turn 
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Fig. 5—Recommended design proportions for sections approximately at right angles. 


cored hole. Webs 
dish shaped helps in 
from shrinkage. In 
with spokes, the difference in cooling 


that slightly 
distributing the 
wheels 


are 
stresses 


rates of the hub, rim and spokes may 
be prevented from resulting in heat 
cracks by spokes that are slightly 
S-shaped and that are joined to the 
hub at a slight angle to the radius. 
Usual design practice is to avoid 
This 


is not altogether wise design proced- 


cored holes wherever possible. 


ure because cored holes frequently 


permit the production of better cast- 
ings at lower cost than the same piece 
without cored holes. Consideration of 


several factors will be helpful in mak- 


ing a choice between coring a hole 
or casting the piece solid. Besides 
coring a hole when the piece cannot 
shaped any other way, a hole 
should be cast in the piece: 
(1) If machining time will be 


saved thereby or avoided altogether ; 





* 


Shear strength, lb. per sq. in. .... 

Yield strength in shear, lb. per sq. in... 
Modulus of rigidity, million lb. per sq. in 
Poisson's Ratio............ 


Brinnell hardness number. . 

Endurance limit, lb. per sq. in.. 
Notch-fatigue strength, lb. per sq. in 
Modulus of rupture in torsion, lb. per sq. in 
Yield stre ngth (torsion), lb. per sq. in. 
Angle of twist at rupture 


Round 0.9 in. dia. 5-in. long 
Round 1.0 in. dia. 10-in. long 


m arpy (Keyhole and V notch), ft.-lb. 
Izod (V notch), ft.-Ib. 

Specific gravity, average 
Weight (average), lb. per cu. in. 


Shrinkage allowance, in. per ft... 
Coefficient of thermal expansion, per deg. F 
Specific heat, cal. per gr. per deg. C 
Resistivity, michrohms per c.c. 


Coercive force, amp. turns per cm 


Table IlI—Some physical and Mechanical Properties of Malleable Irons 


Pearlitic 
tv pes (average 


Standard grades 
32510 and 35018 


48,000 
23,000 
10.6 
0.17 
110 to 135 170 to 285 

31,600 
About 1/3 ultimate | 
tensile strength | 
58,000 





24,800 


360 deg. 
790 deg. 


6 5 to 8 


16.5 
7.34 7.35 to 7.44 
0.264 
l X to 3 16 
0. 0000066 
0.122 
32 38.19 to 41.17 
1.16 to 1.55 7.88 to 12.55 
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0.601 to Q85# --- ‘ 
Taper dei for T section 
(2) When sections can be made 


more nearly equal in mass and thick- 
ness to advantage; 

(3) 
by thinner sections 


When a section is surrounded 
and cannot be fed 
directly. 


It is usually quicker and conse- 


quently cheaper to machine a cored 





Fig. 6—{A) Heavy boss subdivided 
by core to equalize the sections; (B) 
Cored wheel hub for full bearing. 


hole than a solid piece because less 
metal has to be removed. A drill 
will follow a cored hole. If the 


machined hole must be positioned ac- 
curately with respect to a machined 
surface or another hole, then of course 
the drill must be guided to maintain 
the prescribed position, or the hole can 
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be bored. If the diameter of a cored 
hole exceeds its depth, the hole can 
be made in sand, provided 


A dry sand 


core is required for other holes. 


green 


ample draft is allowable. 


Holes can be punched as well as 
drilled or cored in malleable iron cast- 
ings. The diameter of punched holes 
should be limited to the thickness of 
the ‘The ductility of 
leable iron permits cored holes to be 


section. mal 
sized by a drift pin forced through 
them. ‘The drift pin, which expands 
the hole slightly and leaves the sur- 
face fairly smooth, is usually about 


0.005 in. larger than the cored hole. 


Which Malleable Iron 


All can be cast 


with practically equal facility. Stand- 
ard malleable iron, which is the tvpe 


malleable irons 


produced in all standard malleable 
foundries, in A.S.T.M. grades 32510 
or 35018, or both, comprises by far 
the bulk of production of the industry 
and has the widest application. Its 
matrix of ferrite or carbonless iron, 
in which are interspersed nodules of 


combined carbon, accounts for its 
toughness and ductility, accompanied 
by extreme ease of machining. This 
structure also results in high fatigue 
endurance and notch fatigue strength, 
producing a 0.575 endurance ratio. 

These attributes of malleable iron, 
plus the facility with which it may be 
cast in required forms, make for its 


wide application in the automotive in- 


dustry. In addition to its use in steer- 
ing gear housings, pedal brackets and 
shock absorber reservoirs, earlier illus- 
trated, become 
important 
ponents in their service as differential 


standard malleables 


automotive drive com- 

carriers, cases and bearing caps. 
Other tvpical standard 

uses include, farm implement mower 


malleable 


and reaper knife guards and shoes, 
draft binder 
needles, vokes and detachable chain 
links. 
notably, brake heads, fulcrums, power 
and hand brake parts, tank car dome 
rings, fittings and bolster plates. 
Pearlitic malleables, also made by 
about half of the producers of stand- 
ard malleables, differ from the latter 


brackets, housings, 


Railroad applications include 





in that part of their carbon is in the 
combined form. ‘This their 
elongation and ductility, in some in 
stances only to 8 and 10 percent, but 
in others to 2 or 3 percent, depending 
on the amount and form of the com- 
bined carbon of the particular type 
In a similar 


reduces 


of pearlitic malleable. 
manner their machinability may be 
only slightly, o: 
than that of standard malleable, de- 
pending on the same foregoing fac- 
tors. Their strength, wear resistance 
substantially in- 


considerably, less 


hardness are 


It has been established that 


and 
creased. 
pearlitic malleables machine more eas 
ily than do forging of comparable in- 
dentation hardness. 

Some malleable foundries, in addi 
tion to the standard product, produce 
an alloy malleable iron containing 
copper and molybdenum. ‘These ele- 
ments increase both the yield point 
and ultimate strength about 5,000 Ib. 
per sq. in. above that of grade No. 
35018 standard Freight 
car buffer castings, and pipe wrench 


malleable. 


handles are applications in which al 
loy malleable has been widely used. 





Portable Inert Gas Metal Arc Welding Unit 


lo APPLY THE NEW PROCESS of inert 
arc welding to aluminum elec- 
trical conductors during construction, 


vas 


a portable unit has been constructed 
by Aluminum Company of America’s 
The gas 
metal arc process was selected because 


welding engineers. inert 
no welding flux is needed. This proc- 
ess consists of drawing an a.c. arc 
between a tungsten electrode and the 
aluminum to be welded. The electrode 
and molten aluminum are protected 
trom oxidation by argon gas. 

The three wheel unit carries the 
cylinders of 
for the 
Water sup- 
plv, argon gas flow and power to the 
torch 


welding transformer, 


argon and connections 


gas 


water and drain lines. 


are electrically controlled. 
lwenty-five foot torch leads with a 
fifty foot extension permit welding 
in positions and places usually con- 
sidered almost inaccessible. The port- 
able unit also joins aluminum tubing, 
extrusions, to 14 in. 
thick. Power source is about 20 kva. 


of 440 or 220 volts-60 cycles. 


and sheet up 
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Inert gas metal arc welding unit in position to weld. Power cable is in the 
foreground, and the water connections are in the background. The small wheel 
under the tongue of the unit permits utilization of various plant vehicles. 
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PLASTICS 


Ethyl cellulose molding compositions 
are being used increasingly because of 
their broad color range, transparency, 
dimensional stability 


toughness, and 


relatively low water absorption rate. 


The various molding applications in- 
clude, as reviewed by J. A. Connor, 
Plastics, March 1947, tool handles, 
radio cabinets, faucets and electric 


sweeper parts. 


Lignin, nature's bonding agent avail- 
able in wood and waste products from 


the paper industry, has never been 


used extensively in molding powders. 


In the April 1947 issue of Modern 
Plastics N. B. Powter indicates that 
lignin has now been used to bond 
paper laminates with good results. 
Lignin was originally feared to be 


unsatisfactory because it seemed non- 
reproducible, too high in melting point 
and too poor in moldability. 
is an 


Lignin 
and 
its method of use keeps the costs down. 
When it is used in place of phenolic 


inexpensive bonding agent 


binder the impregnation step is elim- 
inated; the lignin simply being added 
to the wood fiber slurry in paper manu- 


These 


facturing. low cost laminates 
can, by proper modification, be mela- 
mine surfaced for decorative effects. 


Thermoplastic molding materials, now 
available for injection molding, require 
different molding conditions. Gener- 
alizations are possible if, according to 
G. B. Thayer, Industrial Plastics, 
April 1947, thermoplastic materials 
are classified in three groups; amor- 
phous, crystalline and elastomeric. 
Most nonflexible types belong in the 
amorphous group; nylon, polyethylene, 
vinylidene chloride and some polyvinyl 
ethers belong in the crystalline group, 
and the flexible tvpes such as plasti- 
cized polyvinyl chloride and 
mers comprise the elastomeric group. 
Amorphous types are generally molded 
at the lowest temperature possible, 
sacrificing production rate to achieve 
optimum uniformity, color, physical 


copoly e 
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plasticizer, 
and 
for heater ele- 
with their 


properties, low loss of 


elimination of shrinkage marks 
low maintenance costs 
Crystalline 


melting points, are 


ments. types, 


fairly sharp char- 


acterized by sudden change in How 


properties as the temperature is in- 


creased whereas the amorphous and 


elastomeric types change only grad- 
ually with an increasing temperature 


Thus, 


cause trouble for 


and never attain high fluidity. 
a small runner 
crystalline types 
sibility of 
Crystalline types, with the advantage 
of the best 
have the disadvantage of greater, less 
uniform and slower shrinkage; some- 
requiring weeks for complete 
because of the rate 


may 
because of the pos- 
freezing or crystallizing. 


welding characteristics, 


times 
shrinkage slow 


of crvstallization. 


Coal, petroleum and natural gas have 
long been the standard material 


Agri- 


mentioned as 


raw 
sources for materials. 


cultural 


plastic 


waste has been 


another source and will now be used. 
Furfural, a distillate of corn cobs, 
oats, cottonseed hulls, etc., will now 


be used as a starting material for the 


yroduction of a considerable portion 
I I 


furfural 


of nylon. If was used as 
the raw material of all nylon pro- 
duced it is estimated that it would 
require 100,000 tons of corn cobs, 


according to Chemical and Engineer 


ing News, April 12, 1947. Sea bamboo 
is being considered as a chemical raw 
material for plastic production in 


tropical countries. 


Divynibenzene, now being produced on 
a large scale, will increase the use of 
cross linking agents to raise the melt- 
ing point of thermoplastic 
The benefits from this can 
seen. 


materials. 
readily be 
will 


Low pressure laminates 


not compete with high pressure lamin- 
but 


applications. 


ates will develop entirely new 
Despite the low cost of 
molding and fabricating these articles, 
Modern Plastics, April 1947, the rela- 
tively high price for the 
quired seems to indicate 


laminates can outsell 


resins re- 
that 
and 


these 


wood metal 








only in those fields where some pa: 
ticular physical property is more im 
portant than price. These physica 
properties include light weight, boats 
and luggage; high impact strength 
street lamp globes; ease and variety 
of decorative effects, lamp shades, 
bullet resistance and a variety of color 


and light transm ssion possibilities. The 
low pressure technique permits a coa 
tinuous production of laminates 


Plastic beads and balls 
machined to fine 


scribed by E. H. 


can now be 
tolerances as de 


Orton in Plastics, 


March 1947. . The beads are decora 
tive but the balls have found wide in 
dustrial use in ball bearing systems 
and chemical solution check valves. 


Cast phenolics, acrylics and cellulose 


acetates are commonly used because 


of color, light weight, acid-resistance 


and ease of machining to 0.001 in. 
tolerance. In this method of ma 
chining a centerless grinder is used. 
The lateral movement of the form 
wheel is actuated by a hydraulic rather 
than a mechanical system. An auto- 
matic feed and rejection cycle is used 
with water as the coolant. The bal! 


ire finished in tumbling barrels. 


Phenolic resin coated wood veneers 
are being used to make airplane pro 
pellers that are 
and better than both 
wood in flexural, 
fatigue properties. ‘The 
formed bleck that, 
to shape on an 


than metal 
and 


centrifugal 


lighter 
metal solid 
and 
veneers are 
after 
automat! 
According to the April 1947 
Modern Plastics these pro- 
pellers are often covered with a black 


into a cure, 
iS cary ed 
machine. 


issue of 
\eroloid plastic sheet. 


GR-S synthetic rubber with a smooth 


resists tearing almost as well 


surface 
as natural rubber; however, a cut in 
GR-S 


than one in 


tends to grow more readih 


natural rubber. In ri 
viewing thirteen methods of measuring 
resistance of rubber, both natural and 
svnthetic, to the growth of 


cuts, W. L. Holt and E. O. 
Rubber Age, March 1947, 


surface 
Knox, 


point out 
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that resistance to cut-growth decreases 
with extended cure and with elevated 
temperatures, Neoprene, butyl rub- 
ber and other types that tend to 
crystallize on stretching have good re- 
sistance to cut-growth. In line with 
this is a discussion by M. C. Throdahl 
in Industrial and Engineering Chem- 
istry, April 1947, of the effects of 
ultra-violet light and dynamic flexing 
on the tendency of crack formation 
and growth. The ultra-violet light 
tests seem to correlate with the slower 
sunshine tests. It has been found 
that small amounts, up to 1 percent, 
of ketone-amine condensation products 
reduce the cracking tendencies of syn- 
thetic rubbers. 


Lignin, now finding use as a binder 
in laminates, is also used as a rein- 
forcing agent for rubber.  Lignin is 
not recommended as a general sub- 
stitute for other pigments, as men- 
tioned by J. J. Keilen and A. Pollak, 
Industrial and Engineering Chemistry, 
April 1947, but is useful for develop- 
ing special properties. The advan- 
tages of lignin include a low specific 
gravity, wide color possibilities, high 
strength and a shorter proc- 
Lignin-filled rubber is 
not as resistant to abrasion as carbon- 


black-filled rubber. 


tensile 
time. 


essing 


Plastics and metals are being used to- 
gether in many fabricated parts ac- 
cording to R. L. Foote, Plastics, March 
1947. A new textile bobbin, handling 
8 lb. of yarn at 6,000 rev. per min., 
has a molded laminate base, a lamin- 
ated tube as a portion of the barrel, 
a high impact molded cone for the 
remainder of the barrel, a separate 
impact molded cap and flange and an 
SAE-1015 stainless steel tube that 
holds the assembly together. Dynamic 
balance is achieved with the help of 
lead slugs held in place by brass disks 
that are anchored in the plastic. 


Polyethylene, difficult to bond to most 
metals, can be bonded to copper and 
can be bonded to other metals if they 
are first plated with a thin coating 
of copper. Withstanding shear stresses 
greater than 200 lb. per sq. in., Plas- 
kon, also mentioned in Plastics News 
Letter, is a synthetic adhesive 
bond metals, rubber 
and plastics. 


resin 


used to glass, 


Plasticizers used in the manufacture of 
elastomeric materials have not always 
been thoroughly tested and have 
caused some consumer dissatisfaction. 
In the March 1947 issue of India Rub- 
ber World D. L. Kent and P. J. 


Weaver present a suggested standard 
system of tests for the evaluation of 
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plasticizers. These tests compare 
flexibility over a wide range of tem- 
peratures, electrical properties, resist- 
ance to common solvents, stability to 
heat, aging qualities, degree of toxicity, 
inflammability, odor, taste and color. 


Rubber is frequently used in shear for 
vibration isolation.  Torsilastic cylin- 
drical springs have freedom from static 
friction; are stable; function as their 
own dust seals and require no lubrica- 
tion. These springs, in capacities from 
a few pound-inches to several million 
pound-inches of torque have been used 
in the automotive industry, on children's 
toys and as bogie pivot supports for 
amphibious tanks. In the March 1947 
issue of Rubber Age, D. H. Cornell 
and J. R. Beatty discuss the funda- 
mental properties of Torsilastic springs 
with relation to static deflection under 
load, ability to isolate vibration, fatigue 
life and the effects of temperature. 


NONFERROUS METALS 


Aluminum alloys, not previously plated 
because surface oxidation prevented 
good adherence, can now be used to 
replace heavier metals. Immersion in 
a solution of sodium zincate in caustic 
soda replaces the surface oxide with 
a thin layer of zinc. This method is 
used, as mentioned by C. J. Hinton, 
Modern Metals, Feb. 1947, on many 
automotive parts and in household 
applications. Though chromium and 
nickel can be plated directly on this 
zine coating, it is best to apply a strike 
of copper from a Rochelle salt solu- 
tion prior to nickel or copper plating. 


Nickel-chrome alloys, known as the 
"Nimonic" series, constitute one of 
the major metallurgical advances in 
England. Nimonic 8o found to 
have exceptionally high creep resist- 
ance at elevated temperatures, as men- 
tioned by B. J. S. Bard in the March 
1947 issue of Metal Progress. This 
alloy, which can be forged and ma- 
standard for rotor 
blades in jet propulsion engines. War- 
time advances in the copper alloys in- 
cluded the addition of 0.5 percent of 
iron to the 70-30 cupro-nickel alloy to 
improve the life of tubes 
used in naval vessels. Condenser tubes 
for merchant ships were improved by 
using an aluminum brass, Cu 76, Zn 
22 and Al 2 percent, with a small 
amount of arsenic. 


was 


chined, is now 


condenser 


High strength aluminum alloy wire 
that needs no heat-treatment other 
than the original is now being used 
to make nails for applying aluminum 











housing materials. They are more 
corrosion resistant than galvanized 
steel wire and will help relieve the 
shortage of nails. The nails are made 
from alloy No. 61S-T81, which is 
cold-worked, solution heat-treated and 
artificially aged. As mentioned by 
T. E. Lloyd, Iron Age, March 27, 1947, 
the wire has a tensile strength of 
55,000 and a yield strength of 51,000 
lb. per sq. in. after heat-treatment. 
Corrosion products of this material 
are white and will not stain. 


Magnesium alloys are being used ex- 
tensively for consumer and production 
goods where a saving in weight is 
desirable. Magnesium alloy ladders 
weighing 60 percent of their aluminum 
counterparts are now available ac- 
cording to L. M. Oldt, Modern Met- 
als, Feb. 1947. Other items using 
magnesium alloys are; wheelbarrows 
weighing 12 lb., a 12 ft. boat weighing 
75 lb., lawn mowers, castings for piano 
plates, storm sashes and screens, irons 
and skis. The magnesium alloy skis 
are stiffer than wood, require no wax- 
ing and do not split or warp. Another 
application of magnesium alloy, as 
reported by R. G. Gillespie, Materials 
and Methods, March 1947, is in the 
manufacture of an aircraft engine oil 


filler. In this assembly that weighed 
3/5 lb, 18 oz. were saved by using 
Heliarc welded, deep-drawn magne- 


sium parts to form both shells. 


Reduction in the amount of dead 
weight carried by transportation com- 
panies is becoming increasingly impor- 
tant. A decrease in weight can increase 
the pay load, give greater operating 
economy or extend the operating ra- 
dius. One manufacturer of truck 
bodies, as mentioned in the April 17, 
1947 issue of Jron Age, has been able 
to save 400 lb. by using aluminum in- 
stead of steel side panels. In line 
with this is the saving of weight made 
on a bombing plane mentioned in Ma- 
chinery, April 1947. By using alu- 
minum conductors covered with Neo- 
lay, a layer of glass and a coating of 
fire resistant synthetic rubber, over 200 
lb. was saved from the weight of the 
140,000 ft. of wire used. Another 
weight saving application is found in 
the use of embossed sheet metal in 
fabricating parts needing stiff panels. 
A geometrical design rolled into a 
sheet, Jron Age, April 3, 1947, more 
than doubles its stiffness. Regidized 
metal is being used for oil pans, covers, 
truck and trailer sidings and kick 
plates. On one application 1,000 |b. 
of weight were eliminated from the 
oil pan of a Sterling-Viking engine 
without loss in strength. Designs are 
now made in eight types. Aluminum 
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alloy die-castings are now being used 
to make the 
working model, 
cording to Die Casting, April 1947. 
German V-1 
using 


component parts of a 


jet propulsion engine 
\ small version of the 


“buzz” bomb is made die-cast 
parts for the venturi, carburetor, pyra- 
mid head for the flutter valve assembly 


and the shield. 


Zirconium, long considered a labora- 
tory curiosity, is assuming a place as 
an important material in the chemical 
The 


compounds 


ndustry. original use for zir- 
as opacifiers 


Zircotan N, a 


containing 


onium was 


n porcelain enamels. 


tanning agent sodium zir 


onyl sulphate, gives a through-white 


color to leather that does not dis- 


color on Industrial’ uses for 


aging. 


his element and its compounds are 
being thoroughly investigated. — Zir- 
onium alloys are used to eliminate 


steel, to make 


allovs with special 


mpurities in copper 
properties, to aid 
n the manufacture of radio tubes and 
to give proper characteristics to the 
used in 
rayon fibers. 


spinarets forming delicate 
Many other applications 
are being proved for this newly versa- 


tile element. 


Printed electrical circuits, a wartime 
space and weight saving development, 
can now be and 
were 
made for use with the proximity fuse 
according to K. Rose, Mate rials 
Methods, March 1947. Resistors and 
conductors are printed, by the silk 
screen method, on thin steatite plates 


small radios 


‘These 


used in 


hearing aids. circuits 


and 


with a silver paste containing a binder 
and a solvent. The 
off which leaves the silver firmly at- 
tached to the plate. "To this 
the leads of condensors, etc. 
can be soldered by 


binder is burned 


circuit 
tubes, 
conventional meth- 
ods if at least 2 percent silver is used 
in the soft solder to prevent its 
solving the fired silver. 


dis- 


Aluminum timing gears with bonded-in 
hubs for 


ported to be 


steel automotive use are re- 
much than the 

molded resin-and-fiber gears commonly 
used. They have longer life and with- 
tand heavier loads than molded resin 
irs and are as 


stronger 


quiet in 
lhe gears are made of an aluminum 
loy chemically bonded to 
by the Al-Fin which 

tensile strength of 6,000 lb. per sq. 


operation. 
steel hubs 
process, 


gives 


as shown by extensive tests. 


Metal shortages of today frequently 


make it necessary to use aluminum of 


led tempers harder than those de- 
sired for the manufacture of formed 
parts. Such material can be used if 


f 


s partially annealed prior to fabri 


) ` 
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cation. Close control must be used 
or a dead soft anneal will result. P. 
W. Boone and D. Lewis, II, Alu- 
minum and Magnesium, Jan. 1947, 


describe a methód for converting 52 
S “4H to 52 S 14H and 3 S “YH to 
3S ‘4H. The conversion of 52 S ' 5H 
carried out in an electrically 
heated, recirculating type air furnace 
at 550 deg. Fahrenheit. 
took The 1 
nealed at 600-650 deg. Fahrenheit. The 
these 


was 


This process 
1⁄4 hour. S 1H was an 
partially 
the specifica 


physical properties of 


annealed materials met 
tion requirements for the lower tem- 


per applications. 


Pouring techniques for light alloy 
billets, to be rolled into slabs, have 
been extensively investigated. ‘The 
rate of cooling determines the fine 


ness of the crystalline structure. Pour- 


ing lines, oxide inclusions 


were reduced by slowly changing the 


voids and 
tilting angle of the mold during pout 
ing. By eliminating the use of sodium 
silicate as a mold coating and by fre 
quent cleaning of the molds, as men 
tioned by H. Vita, Metal Industry of 
March 21, 1947, the 
ness of the billets improved. 
Longer standing time and the use of 
a higher standing 


London, sound- 


was 
temperature was 
observed to reduce the amount of edge 
cracking. Edge cracking was further 
reduced by degassing prior to pouring 
and by use of an electric induction 
The use of rounded 
reduced the tendency to 
columnar crystallization with the re- 
sulting 


melting furnace. 
edge molds 
planes of weakness at inter- 
secting boundaries. 

Magnesium is being increasingly used in 
products in and around the home. One 
of the newest applications is a perma- 
nent combination storm and screen unit. 
Heavy storm windows need not be han- 
as the outer frames 
are attached to the window frames and 


dled twice a year 


the glass or screen can be removed from 


the inside in a few seconds. A mag- 
nesium unit of the size most frequently 
used weighs only 434 lb. as compared to 


10 lb. in materials previously used. 


Helium arc welding has made much 


progress since 1942 as reviewed by H. 


T. Herbst, Light Metal Age, March 


1947. The method was originally de- 
signed for use on magnesium alloys 
and used d.c. current, with reverse 
polarity, up to 125 amperes. The 
application of the process to other 
metals and the development of tech 
niques using higher currents led to 
a design involving complete insulation 
and water cooling. While d.c. cur- 
rent is satisfactory for copper and 


nickel alloys and stainless steel, it does 


not work satisfactorily on aluminum or 
alloys. The 
from d.c. to a.c. 


magnesium 
shifted 


a superimposed high frequency current 


1 
process nas 
1 


current with 


to stabilize the arc. Argon was sub 


stituted for helium and any metal can 
now be welded without using a flux 
The use of a.C. 


current resulted in 


less electrode heating, made starting 


easier, resulted in less metal pick-up, 
used less current and about doubled the 
electrode life. 

Counter-gravity casting, in which the 


molten metal is forced upward into 
the mold by either pressure or vacuum, 


produces denser, cleaner castings that 


have less slag than open mold types. 
The reason this method of casting 
minimizes slag and air entrapment is 


that the metal is moved from a quiet 


slag surface directly 
mold. As 
Armour Research Foundation, 


be cast with 


pool below the 


into the reported by the 
thinner 
this method 
because the metal can be poured hot 
ter. Castings over 20 in. in 
cannot be poured by the 
gravity method but, according to Busi- 


ness Ji "t € k, Dec. 


long as 50 ft. have been poured. 


sections can 


height 


counter- 


28, 1946, castings as 


IRON AND STEEL 


Hard steels can be 
grinding 


finished with 
constructed of a new 
This 
crystals grown in a melt rather than 
crushed 


t 1 
wheel 


type of grit. grit is made of 


mass, according 
Machinery 
hard 
1947 
A finished 
die can can be corrected or a broken 


from a large 
to the Jan. 1947 
Another method for working 
steels is mentioned in the March 


issue of 


issue of the same magazine. 
tap can be removed by use of a ma 
referred to as a disintegrator 


work 


is submerged. 


chine 
‘Tiny arcs do the and are used 


on the part while it 


To avoid fatigue failures when mak 
ing “lampshade” 


plates 


spring steel clutch 


one automobile manufacture: 
has developed a process which limits 
mentioned in 
1947, the blanks ar: 


spheroidized in 


decarburization. As 
Machinery, Feb. 
ground to size, 


controlled atmosphere, corrugated 


quenched in dies, tempered and then 
shot peened. 
being 


process l 


Propellor blades are 
with extreme precaution against d 

decarburized 
in fatigue. As 
April 3, 1947 


missing sul 


carburization because a 
surface is unsatisfactory 
mentioned in Iron Áge, 
it is possible to restore 
face carbon by using controlled atmos 


pheres of suitable irbur zing poten 


IN 








tial. Sufficient time must be allowed 
for the proper diffusion of the carbon. 
A similar idea is used in a suspended 
carburization process when it is de- 
a charge in the furnace 
usual. By altering the 
composition of the gas to one of lower 


sired to leave 
longer than 


potential, as reported in the 
Feb. 1947 Materials | and 
Methods, the longer carburizing time 


carbon 
Issue of 
amount of car- 


will give the right 


burization. 


Harrow teeth Jong made by machining 
methods, are now being 
made in large numbers by a new proc 
ess outlined in Steel, March 31, 1947. 
A bar, long enough to make two teeth, 


is heated in the 


or forging 


center by a spot 
welder and the ends are pulled away 
When the two sec- 
separated no 


from each other. 
tions are further ma- 
chining is necessary. 
Retained austenite transformed to 


martensite by sub-zero cooling in 
quenched steels gives these steels in- 
creased hardness and dimensional sta- 
bility. Only 


and alloying elements will 


steels high in carbon 
retain the 
ordinary quench. As 
y Olsen. in. Machinery, 
April, 1947, this treatment produces 
useful in 


austenite on 
mentioned by 
steels gages, dies, 
carburized parts and high speed tools. 
Another use for 


making 
sub-zero equipment 
is found in the cooling of an air blast 


directed onto the working edges of 


milling machine 


cutters machining 


stainless steel. This increases the time 


between grinds by about 400 per cent. 


Silicon carbidecan be used as an inocu 
lant for cupola cast iron, as mentioned 
in the April issue of Metal Progress. 
Unlike the many other inoculants that 
are added in the ladle, silicon carbide 
briquets can be introduced into the 
cupola with additional limestone. The 
original charge for the cupola melt 
must be low in silicon content to be 
able to absorb this addition. 

As steam temperatures and pressures 
go up for higher steam turbine efficien- 
cies, it becomes more important to re- 
lieve piping of stresses due to thermal 
expansion, Loops and bends help but 
waste a lot of space and increase the 
piping costs, 


An expansion joint de- 


scribed by Scanlon in the Journal of 
the American Society of Naval Engi- 
Feb. 1947, is made like a sylphon 
bellows and satisfactorily. 
The problem of what fit to use on bolt 
studs for high temperature service is 
discussed by Williams in the same issue. 


neers, 


functions 


kor a nut to be unscrewed there must 
be room for the retention of 
anti-seizing compound. 


some 
However, the 


11S 


nut cannot be allowed to back off dur- 
ing service and the threads must pos- 
sess the necessary strength. Because 
backing off is a function of the helix 
angle rather than of the fit, a Class 7 
fit on the bolt and a Class 2 fit on 
the nut will give satisfactory service. 


Thin steel stock can be spot-welded 
with little danger of burn through or 
distortion. In the method described 
by Coomer in the Journal of the A mer- 
ican Welding Society, March 1947, 
the welding is done under water. Used 
on both ordinary and stainless steels, 
this method also increases the life of 
the electrode by ten or fifteen times. 


Open hearth steel production is being 
increased by the application of an idea 
used for many years in making con- 
verter steels. 
to the hearth and speeds the melting 
process. Iron Age, Feb. 20, 1947, and 
Steel, March 31, 1947, agree that this 
injection of greatly in- 
crease the output of the open hearths. 
In line with this is an estimate in the 
March 1947 issue of the Jron and 
Steel Engineer that the cost of form- 
ing oxygen gas is low enough to make 
this process economical. 


Free oxygen is supplied 


oxygen will 


Needled by one to two parts per mil 
lion of boron in a 0.45 percent carbon, 
manganese, SAE 1345, 
vives it the quench-hardened 
properties of SAE 4145. The April 
1947 Journal of the Society of Auto 
motive 


1!5 percent 
steel 


Engineers summarizes wartime 
needled steel 
can be substituted for SAE Nos. 4145. 
8745 or 9445 from the point of view 
of heat-treatment, machinability, me 


properties and 


research and indicates 


chanical actual per- 
Boron can be used to give 


hardenability 


formance. 
vuaranteed characteris 


tics to steels not usually used. 


Cast iron parts that are difficult to cast 
sound because of their large size, can 
be cast as two separate pieces accord- 
ing to Heron in Steel, April 7, 1947. 
Before joining the two 
graphite can be cleaned from the sur- 
faces by an electrolytic attack in a fused 
salt. The cleaned 
be joined by silver brazing. 


pieces, all 


surfaces can then 
Silver is 
preferable to brazing spelter because 
its lower melting temperature mini- 
This 


and joining technique can be used when 


mizes warpage. same cleaning 


cast iron is to be joined to steel. 


A low carbon steel with good corro- 
sion resistance to caustic soda, paper 
mill black liquor, oil well salts, hydro- 
gen sulphide, and certain organic com- 
pounds in gas distillate wells has-9 


percent nickel plus a little copper as 





its principle alloying agents; with 0.06 
to 0.09 percent carbon and about the 
same amount of molybdenum. Another 
metal, such as aluminum, is added to 
give a fine grain structure. As men- 
tioned in Materials and Methods Jan. 
1947, this steel is easily formed be- 
cause of its low carbon content. 
Charpy notched-bar tests at — 320 deg. 
F. indicate better impact strength for 
this metal than is found in most fer- 
ritic steels. 


Quenching carburized parts to keep 
the centers soft enough for machining 
and to avoid distortion can be done 
on highly alloyed steels capable of 
being air-quenched. ‘Thorough stress 
relief, gas carburizing, dipping for a 
few minutes in a molten salt bath at 
a constant temperature above that 
for martensite formation and air cool- 
ing are the steps listed for this treat- 
ment in the April 17, 1947 issue of 
lron Age. 

The physical properties of cast iron 
can be controlled by the composition, 
tapping inoculants, and 
by the gases that produce porosity and 
holes. 


temperature, 


As reported by Somers 
and Gunther in Foundry, March 1947, 
the tensile strength of cast iron can 
be \ aried 


blow 


from 30,000 to 40,000 lb. 
tapping 
keeping the rest 


of the variables constant. 


per sq. in. by changing the 


temperature while 


Continuous hot galvanizing of strip will 
speed the over the 
method of 


The galvanized 


process present 


dipping individual parts. 
strip, gray in color, 
does not have the spangle usually asso- 
ciated with galvanizing but has just 
as good corrosion resistance, as re- 
ported in /ron and Steel, March 1947. 
Another idea for speeding up the gal- 
vanizing process is mentioned in the 
same issue, It is said that submerged 
heating of pickling tanks 
produces such effective circulation that 
the pickling time is reduced by about 
one half. 


combustion 


Quench cracking of steel aircraft pro- 
peller blades, when quenched from a 
controlled used to 
been traced to 
too rapid flow of the atmosphere too 
high in hydrogen content. As indi- 
cated in Metal Progress, March 1947, 
this appears to be 
phenomenon that 


atmosphere avoid 


decarburization, has 


analogous to the 
weld 
when a welding rod with a cellulose 


cracks occur 


coating, or any coating that releases 
much hydrogen, is used on a steel that 
shows a film of hard martensite in the 
weld. If the 
low hydrogen type 


appear without cracks. 


rod coating is of the 
martensite can 
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Fig. I—lt is highly desirable that core pulling cylinders on die casting machines be as small as practicable. 





OPTIMUM HYDRAULIC PRESSURE 


For Minimum Cylinder Diameter 


P. J. LINDNER 


Director of Engineering, Hydraulic Press Manufacturing Company 


Selection of hydraulic working pressure may hinge on "past prac- 


tice," the hydraulic equipment available, or merely a figure that "sounds 


reasonable." 


The author shows how to determine the hydraulic pres- 


sure that will result in minimum outside diameter of the cylinder. 


IN SOME hydraulic equipment it 
is highly desirable to have the operat- 
ing cylinders as small as possible. 
This is almost essential in the design 
of the core pulling cylinders on die 
casting machines and the cylinders 
for high pressure presses wherein the 
closing pressures are extremely high. 
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Often the decrease in ram diameter 
and cylinder outside diameter adds ap- 
preciably to the die space and results 
in not only a more economical de- 
sign but also a better machine to 
operate. 

However, decrease of the ram or 
necessitates a. Cor- 


piston diameter 


respondingly higher hydraulic work- 


ing pressure and therefore heavie: 
cvlinder 


reached at which the increased wall 


walls. Finally a point is 
thickness necessitated by the increased 
pressure is greater than the decrease 
in ram or piston radius, and hence 
the outside diameter of the cylinder 
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Fig. 2—Relationship between outside and inside radii 


The point at which 


this occurs depends on the strength or 


Is increased. 


allowable working stress of the mate- 
rial of the cylinder. 


The 


a hydraulic cylinder is calculated by 


required wall thickness for 


l.ame's formula for tangential stresses 
in thick-walled cylinders: 


Where 
R outside radius, in. 
, inside radius, in 


fluid pressure, lb. per sq. in. 
S tangential hoop stress at bor: 


of cvlinder, lb. per sq. in. 


T load on piston, tons 
y" |! 3 f 
N , l 
E S 


2.000 7 


Substituting Equation (2) in Equa 
tion (1) 


Pw [2.000 T S4 
\ T o 


From Equation (3) R is a minimum 


when 
Ss 
Sp — 7 


} 


Differentiating (A) 


iS a minimum, 





Hydraulic 





Hydraulic 


Minimum 0.0. of cy/inoler af 
4,968 lb. per sq.in. 5 
hyræuvutic pressure ll 


y Outside radius of cylinder 
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with 
derivative equal to zero 


respect to f, and setting the 


dí 1 Sp dei i - (§ +. p S9 = 25 


p? } 2 S^ — S 
(Sp - 

Setting the numerator of (B) equal 
to zero and solving 


S(+ ¥V2—1) = — 2.414S and 


0.4148 
using the positive value gives the 
relation between p and § for the mini 
mum value of R as defined by Equa- 


tion (3), that is 

p = 0.4148 (4) 
For cast steel cylinders, using a de- 
sign stress of 12,000 lb. per sq. in. 

p = 0.414 X 12,000 

= 4,968 lb. per sq. in. 

If the cylinders are to be made 
of alloy steel, an allowable working 
stress of 20,000 lb. per sq. in. is per- 
missible, and the hydraulic pressure 
for minimum outside diameter of cyl- 
inder becomes: 


D 0.414 X 20,000 
8,280 lb. per sq. in. 
The accompanying chart, Fig. 2, 


visualizes the relation between hy 


draulic pressure and cylinder diameter 


Cylinder 
for Total Hydraulic Force 
Allowable W wrkina Stress 


| 

1 
Hl || ||| Cylinder wall fhickness] 

| 


Operating Pressure in lb. per sq.i 





of hydraulic cylinder 





Dimensions 
62 Tons 
12,000 lb. per sq.in 
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with increasing operating pressure. 








for a given total force exerted by the 
ram. Also, the nomogram Fig. 3, of 
formula is here to 
enable the designer to make a quick 
check of the values of the four vari- 


i i 
Lame’s given 


ables: Stress, pressure, outside diame 


ter and inside diameter for given 


values of any two of them. 





side Diameter 






ol-1 
> Q 


Outside Diameter 


B 9 10 1 





Ke d from “How to Make Alignment í 
by M. G. Van Voorh MetGiaw Hil! Bo 
Fig. 3—Nomogram of Lame's formula 
for determining cylinder diameters 
for given hydraulic fluid pressure 
and allowable working stress values. 
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Bellows-Type Heat Exchanger 
For Compactness and Efficiency 


E. H. ZIEBOLD 


Director of Engineering, MagniLastic Division, Cook Electric Company 















Analytical and graphical methods of combining heat exchangers in series and in paral- 
lel to provide any desired liquid capacity and temperature drop, including allowances 






for the effects of viscosity and differences in thermal capacity of liquids and coolants. 













FLEXIBILITY of application, fiexi- 


bility of installation and high rates binations of any designed liquid capac- is in opposite directions, that is, the 


in series and in parallel to form com- about 4 inch. Flow of the two liquids 






of heat transfer are objectives under- ity and temperature change. heat exchanger is counter-flow. The 
lying the design of the heat exchanger The bellows construction of the liquids on either side of the bellows 





of a multiple diaphragm type called diaphragm, which separates the cool- are hottest at the top. 





the "transpyro primary convector.” ant from the fluid being cooled, is Under steadv flow conditions of op- 
Just as batteries, radio tubes and other shown in Figs. 1 (B) and (C). 'The eration the temperatures of specified 
electrical units are arranged in mul- baffles between the fins cause the two points either within the fin metal or 







tiples to supply desired outputs so liquids flowing on either side of a fin within the flowing liquids become 






can these heat exchangers be arranged surface to have an average depth of constant. A temperature gradient may 
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Fig. I—Bellows construction of the diaphragm, which separates the coolant and cooled liquid by thin sheet metal, 
not only gives good heat transfer but also allows expansion and contraction upon being heated and cooled. 
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be drawn to show these changes in 
temperature from the coolant on one 
side to the liquid being cooled on the 
opposite surface of any specific fin, 
but the temperature gradients at dif- 
ferent fins will not be alike. 

Changes in temperature that occur 
two mediums are illustrated 


Fig. 2. Since 
g 


in. the 
diagrammatically in 
the change is not a linear function 
with travel from one fin to another, 
the logarithmic mean temperature dif- 
ference applies in the mathematical 
analysis of the heat flow. When heat 
flows from oae liquid at temperature 
t to another at temperature T, deg. 
F., through a path having a mean 
area of A sq. ft. and an over-all heat 
transfer coefficient of U Btu. per hr. 
per sq. ft. per deg. F., the total heat 
transferred, per hr., H, is expressed 


by 


H UA (1) 


in which a and b indicate the hot 
and cold ends of the apparatus and 
y a mean linear distance in feet be- 
tween them. Equation (1) is an in- 
tegral form of the basic formula for 
over-all heat transmission. For ref- 
erence see Feat Transmission by Mc- 
Adams, Introduction to Heat Trans- 
fer by Brown and Marco, or Applied 
Heat Transmission by Stoerer. 

A simple way of allowing for dif- 
ferences in specific heats of the liquids 
is to express each in terms of its ther- 
mal equivalent in pounds of water 
per hour. Thus Fr denotes the ther- 
mal equivalent of the liquid being 
cooled and Fe that of the coolant. 

Both temperatures ? and T are 
functions of Fr, Fe, U, A, the enter- 
ing temperatures, 7, and 7,, and the 
and  T,. 
These quantities are expressed mathe- 
matically in the following equation 


.-n-6- To[1- 
(4 i =) | (2) 
Fe Fy 


Rise in temperature of the coolant 
is to the drop in temperature of the 


leaving temperatures /, 


liquid being cooled as F, is to Fe, 
assuming no loss or gain of heat from 
the unit. 

Parallel and series arrangements of 
heat exchangers are illustrated dia- 
grammatically in Fig. 3. Constants 
are fixed by the design conditions of 
the heat exchanger. For example with 





122 


4 equal 70 sq. ft. of prime surface 


and U equal 130 Btu. per hr. per 
sq. ft. per deg. F. the capacity of one 
heat exchanger would be as follows: 
(1) A thermal coefficient product of 
9,100 Btu. per hr. per deg. F.; (2) 
temperature ranges from a maximum 
of 1,000 to a minimum of 80 deg. 
F.; (3) maximum difference in pres- 
sure between the cooled liquid and 
coolant of 60 lb. per sq. in.; (4) 
maximum high capacity of liquid flow 
of 167.5 gal. per min. (5) maximum 
low capacity of flow of 34 gal. per 
min.; (6) a high capacity pipe con- 
nection of 2 inches and a low capacity 
pipe connection of 3 inches; (7) over- 
all dimensions in height of 82 inches 
and width of 16 inches; (8) net 
weight of 600 lb. per unit. 


EXAMPLE 1. Suppose a liquid at 200 
deg. F. is to be cooled to 120 deg. F. 
at the equivalent water rate of 12,000 
lb. per hr. with cooling water at 65 
deg. F. This means that F,, Fig. 2, 
is 12,000 Ib. per hr. and that 

200 — 120 = 80 deg. F. 

so that the total heat to be taken 
from the liquid is 


IT = 80 X 12,000 = 960,000 Btu. per hr. 


lg — ħ = 


Dividing this quantity per hr. by 
9,100, the thermal coefficient of 4 
and U of one heat exchanger, gives 
a mean temperature difference 


Temperature, Deg. F 
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( M. T.D.) of 105.5 deg. F. So large 
a M.T.D. would make the leaving 
temperature of the coolant approach 
200 deg. F. A combination of heat 
exchangers is desirable. 

An examination of the formula for 
the parallel connection of two units 
shows a value of 2U may be applied. 
Dividing 960,000 by 2UA gives a 
M.T.D. of 53 deg. F. From the 
chart, Fig. 4, this corresponds to a 
L.T.D. of 51 deg. F., thereby mak- 
ing T, equal 200 minus 51 or 149 
deg. The rise in temperature of the 
coolant is 149 minus 65 or 84 deg. 
F. Since the total heat load is 960,- 
000 Btu. per hr., the quantity of cool- 
ing water required equals 960,000 
divided by 84 or 11,429 lb. per hour. 

In the parallel arrangement there- 
fore each of the two units would re- 
duce the temperature from 200 to 
120 deg. F. of 6,000 lb. (water 
equivalent) of liquid per hour and 
require 5,715 lb. of cooling water. 
Other arrangements of the two units, 
depending on pressure and leaving 
temperatures, can be selected to solve 
the same example. 

When the quantity of liquid to 
be cooled is in excess of the capacity 
of one unit requiring a moderate tem- 
perature drop and with an adequate 
supply of coolant, the parallel series 
arrangement, Fig. 3(B8), is recom- 
mended. The value of ta corresponds 
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Fig. 2—Flow "- indicating relative changes in temperatures of liquid 
being cooled an 








the coolant during passage through the heat exchanger. 
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Max flow 
through ¥%-in 
inlet in gal. per 
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SCHEMATIC CONNECTIONS 
OF TWO HEAT EXCHANGERS 
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Fig. 3—Arrangements of heat exchangers, applicable equation for each arrangement and maximum flow data. 


to that heat exchanger in which the 


coolant first enters and the 7, to the 
one in which the coolant finally 
leaves. The exit temperature of the 


coolant from the first is taken as the 
entering temperature of the coolant to 
the second. 

When 
the temperature of the liquid to be 
cooled is limited 
amount of flow and with maximum 


a considerable decrease in 


required with a 
ise of the coolant, the series arrange- 
ment of the liquid to be cooled and the 
parallel arrangement of the coolant is 
practical. The equation is applied in 
the following order: First to the heat 
exchanger in which the liquid to be 
cooled enters and then to the second in 
which the liquid to be cooled leaves. 
The exit temperature of the liquid 
being cooled from the first becomes 
the entering temperature of the liquid 
being cooled to the second. This 
arrangement is ideal for condensing 
vapors. 

The series arrangement, Fig. 3(D), 
permits wide temperature ranges be- 
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tween hot and cold states for both the 
coolant and the liquid being cooled. 
Since wide ranges of temperature of 
both liquids is seldom encountered, 
this arrangement is not used often. 
Never would more than two units be 
connected in series. 

If the temperature drop ordinarily 
could be handled by a single unit but 
the volume of the liquid to be cooled 
is large, the high-low parallel system, 
Fig. 3(E), is suggested. ‘his assumes 
that an 
coolant is available. 


low temperature 
Other 
ments comprising batteries of three or 


adequate 
arrange- 


more units are practical and can be 
made up to suit conditions. Corre- 


sponding modifications are readily 
made in the fundamental heat transfer 
equation to provide applicable equa- 
tions. 

Most capacities 
where multiple installations are re- 
quired can be handled by graphical 


methods. The first step in the graph- 


calculations of 


ical solution of any problem is to re- 
duce all of the liquids to the water 


Max flow 
through 2-in 
inlet in | per 
Toob 


min.ct 





















APPLICABLE EQUATION 






Step No.2 Ty becomes entering temperature 


"wh A u u 
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equivalents expressed in pounds of 
water per hour. 

If high viscous liquids are to be 
cooled, a correction must be made in 
the transmission coefficient because of 
the heavier surface film that will re- 
sult from the viscosity. Proper co- 
efficients of common 
liquids are available in any handbook. 


V Iscosities for 


To facilitate calculation of the mean 
temperature differences, the chart of 
Fig. 4 may be This 
graphically the relations between the 


used. shows 
greatest temperature differences, the 
least temperature differences and the 
mean temperature differences. When 
any two of these quantities are given, 
the third can be read from the chart. 


EXAMPLE 2. What capacity is needed 
to absorb 6,570 lb. per hr. at 160 
deg. F. if the drop in temperature 
must be to 100 deg. F. with cooling 
water at 68 deg. F.? These data can 
be arranged schematically, Fig. 5, for 
ease in distinguishing the known and 


unknown quantities. The values to 
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Fig. 4—Temperature conversion chart. 
ture differences are known, the third can be read directly from the curves. 


be determined are encircled. The cal- 
culation is as follows: The total Btu. 
per hr. to be transmitted is 6,570 x 60 
or 394,200. Since one heat exchanger 
transmits 9,100 Btu. per hr. per deg. 
F. of difference, the 
mean temperature difference is repre- 
sented by 394,200/9,100 or 43.3 deg. 
F. From the temperature diagram, 


temperature 


Fig. 4, with a mean temperature dif- 
terence of 43.3, the greatest tempera- 
ture difference to 57 
deg. F. Subtracting this from 160 
gives a temperature of the exit cool- 
ant at 103 deg. F. 
ture rise of the coolant of 103 minus 
68 or 35 deg. Fahrenheit. 


corresponds 


and the tempera- 


The flow of the coolant then equals 
394.200/35 or 11.250 lb. per hr. 


: 
Reference to. maximum flow 


rates 





Fig. 5—Given and computed data, 
indicated by encirclement, for Ex- 
ample 2 shown on a flow diagram. 
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Mean Temperature Difference, Deg. F 











When two of the three tempera- 


given above shows that a single heat 
exchanger of this capacity is adequate. 
Should a multiple connection be indi- 
cated, calculations will proceed in the 
same way using 18,200 Btu. per hr. 


* * 





per deg. instead of 9,100 as in the 
foregoing calculation. 

High rates of heat transfer are 
achieved largely by the split fin con- 
struction of the bellows. Either sur- 
face can be used for the coolant 
whichever has the higher flow re- 
quirement. 'To allow for seasonal 
variation in water temperature or for 
variations in the heat load as the re- 
sult of changes in processing require- 
ments, capacities of a system can be 
altered by switching coolant surfaces. 

"These heat exchangers should be in- 
stalled always in an upright position. 
The top is designed as an air dome 
with a vertical mounting. This pro- 
vides a pocket for the accumulation of 
air, which otherwise might accumu- 
late in the fins and reduce the heat 
transfer between the liquids. 

Deposits that collect on the cooling 
surfaces can be readily removed. ‘The 
bellows unit readily can be removed 
without the use of hoists, jigs or 
cutting of metal. By expanding and 
compressing the bellows, deposits are 
dislodged and removed. 
tools are required for cleaning. In 
removing the bellows only two con- 
nections are disturbed and one gasket 
is lifted, thereby minimizing the possi- 
bilitv of leaks upon reassembly. 


No special 


s * 





SILVER BRAZING ALLOYS, long a bulwark in the metal fabrication field, have 
undergone considerable research of late. Among other things, it has been 
found that the successful use of these alloys requires the clearance between 
members to be joined be held to 0.002 to 0.003 in. if maximum strength is to 
be obtained. John B. Ross in the article *Design for Silver Brazing with 
Induction Heating," /ron Age, December 1946, discusses the use of these 
alloys and points up the failure in shear that recurs if excessive clearances 
are used. In silver brazing, it is entirely possible to obtain joints with a 
tensile strength of 100,000 to 135.000 Ib. per sq. in. using a silver solde: 
with a tensile strength of 45,000 to 60,000 Ib. per sq. in. To accomplish 
this, the depth of lap should be three times the thickness of the thinne:t 


member for best results. 
* x x * 


THE RAPID DEVELOPMENT of textile machinery at the end of the 18th cen- 
tury brought the mill owners of Manchester, England, an unprecedented 
prosperity. They were determined to defend this against competition 
hy keeping their machines and processes secret. They felt sure they could 
do this because only the mill owners and their workmen knew the 
designs of the machines and had the skill to operate them. Even Parliament 
enacted laws to protect this monopoly. Heavy fines were provided for the 
exportation of any textile machinery or for the emigration of a skilled textile 
worker. The workers were placed under bond not to divulge information 
to any foreigner and Colonial manufacture was likewise prohibited. 


* * * * 


THE FIRST PENCIL FACTORY in America was founded by an unknown school 
girl. In need of writing materials, this young lady obtained a few pieces of 
graphite, crushed them to powder with a hammer or stone, and then mixing 
this powder with a resinous gum, stuffed hollowed-out alder twigs with the 
mixture. These first lead pencils made in America were produced at Danvers. 
Mass. about the close of the 18th century. 
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From "Low Pressure Resins—Their Chemistry 
and Properties," by Clare E. Bacon, Owens- 
Corning Fiberglas Corporation. Presented 
January 24, 1947, at the Low Pressure Indus- 
tries meeting of the Society of the Plastics 
Industry, Chicago, Illinois. 

lLow-pressure resins now available fall 
into two general classifications: Con- 
The 
densing type of resins include phenolics, 
ureas and melamines. 


densing and polymerizing. con- 
The polymeriz- 
ing group consist mainly of the poly- 
including modified alkvds and 
alkyd styrenes. 


esters, 


Polyester resins are available in vis- 
600,000 
as fluid 
as water to liquids like molasses. This 


cosities ranging from 20 to 


centipoise, from liquids about 


wide viscosity range permits the fabri 
cator to exercise more flexibility in his 
processing techniques. 

With the application of heat a resin 
will more fluid at and 
actually flow like water. From this 
stage it will thicken and become gela 
As the cure is taken 
to completion, the resin becomes hard 
and infusible. Many moldings can be 
removed from the press when the resin 
sufficiently to maintain the 
shape of the molding, and allowed to 
finish curing in a tunnel 
such equipment. 


become first, 


tinous in nature. 


is gelled 
oven or other 
As polymerization takes place during 


the cure, the resin shrinks, 
known to shrink 


Some are 
as much as 12 to I4 
percent, but most of them fall in the 

to 8 percent group. Warping of un 
balanced laminates is sometimes evident 
ind is probably caused by resin shrink 
ize. Most of this shrinkage takes place 
up to the 


though 


time the resin 


shrinkage 


gels. Even 
appreci- 
ble loss of weight is experienced. With 
special activators, cures can be effected 
n a much shorter time with no sacri- 


occurs, no 


i 


e in physical properties. 
The rigid polyesters can be used for 
rigid structures, which can be stressed 


t 


f desired. 


Many very highly stressed 
parts have been made from this type 
of resin. 


A diving board is a typical 
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Properties of Low Pressure Resins 





example of an application for a rigid 


polvester, with the proper reinforce- 


ment. 

PROPERTIES. 
for most polyesters will approach 300 
deg. F. 'This runs much higher than 


The heat distortion point 


molding materials. 
The rigid type polyester is practically 


some conventional 
as hard as urea or melamine-formalde 
hvde molded materials. 

The flexible polyester resins possess 
permanence of 


outstanding merit in 


flexibility under extreme conditions of 
usage. Aging at high temperatures does 


pliability. 
Laminates prepared with these mate 


not result in the loss of 


rials will show high impact, toughness, 


resistance to tear and inter-ply ad- 
‘These newer than 
the rigid type, and it seems likely that 
they will find considerable use in the 


decorative field, and in other applica- 


hesion. resins are 


tions calling for a flexible, non-stressed 
sheet. 

The flexible resins can be mixed in 
nearly rigid 
type to obtain almost any intermediate 


any proportion with the 


degree of stiffness. One part flexible 
mixed with three parts rigid produces a 
very tough resin film, suitable for 


molded articles that might be subjected 
to severe shocks, 

Post-forming resins are those which 
will soften and limp when 
heated to temperatures well above the 
temperatures at which they are cured, 


become 


and again become rigid when they are 
brought back to 
These resins, in combination with suit 


room temperature. 
able reinforcement, produce sheets that 
are limp, pliable, and “ductile” at ele- 
vated temperatures. 

Post-f ing techniques have ned 
ost-forming techniques Nave openec 


new fabricating possibilities in the 
plastics field. Stock sheets of pre- 


laminated material are easily stored, 
and handled like sheet metal. Pre-cut 
blanks can be fabricated with a mini- 
mum amount of scrap. 

The stock sheet, after being pre- 
heated, is quickly transferred to the 





M — m a a am am ah am am am am am am am am am am am am a EE —  À Qa À S ÓÀ| A a am 


cooling jig. This time interval is usu 


The part is al 
cool for 20 to 40 


seconds, 


ally 3 to 4 
lowed to seconds 
depending on the thickness and then is 
rigid enough to remove from the jig 
TI 

so as to close very quickly in order to 
the sheet 


ie “jig” or mold is usually designed 


form before it cools. 
Self-extinguishing laminates can be 
prepared by using the proper filler with 
special flame resistant types of polyes 
ters. Self-extinguishing resins will bu 
when in contact with a flame, but the 


burning stops when the flame is re 


moved. Applications for this type of 
material are becoming more and more 
evident as the “low pressure" 
The 


consideration in the 


industry 


expands. choice of filler is im 


portant prepara 


tion of a fire resistant molding. 


Low-pressure phenolic resins are 


basically about the same as the 


lar high-pressure 


regu 
‘The 


a low 


phenolics. 
amount of volatiles liberated in 
pressure phenolic resin is as much as 
They 
per given unit of 
volatile, thus making them suitable for 


that of the high-pressure type. 


possess more flow 


flow at 
Vola- 


tiles can escape without producing pin 


low pressure work. They will 
much lower molding pressures, 
holes or blisters in the laminate. 

Modified low-pressure phenolics have 
thermoplastic 
resins to produce either a slightly tacky 
or "dry" 


been combined with 


sheet. ‘This combination 


handles a lot like the polyester thermo 


plastic resin. Several of the polyesters 


have been modified to handle about 
like tallow. ‘The dip tank is usuall 
heated so that the resin will be fluid 
enough to impregnate. The fabric is 
cooled after dipping so that the resin 


will again solidify. This type of mate 
rial is easily rolled and stored, easily 
tailored, and handles with about the 
same ease as the dry sheet. The amount 
of flow in this resin is about the sam: 
as the wet polyester. 
A “dry” sheet can result from: (1 

A polyester-thermoplastic combination 
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with a rather high thermoplastic con- 
tent, about 55 percent by weight; (2) 
a phenolic-thermoplastic mixture, and 
(3) a low-pressure phenolic advanced 
enough to eliminate tackiness. Of these 
three possibilities the low-pressure 
phenolic possesses the most flow during 
cure, 

Of all these possible combinations it 
seems reasonable to assume that a low- 
pressure resin can be developed for a 


wide variety of fabricating jobs. 


Aluminum-Silicon Alloys 


Foreign Abstract of "Properties of the Alumi- 
num-Silicon Alloys at Temperatures in the 
Region of the Solidus" by A.R.E. Singer and 
S. A. Cottrell, from The Journal of the Insti- 
tute of Metals, London, 1946, Vol. 73. 


The 


minum-silicon 


authors show that in the alu- 


there exists a 
range of temperature above the solidus 
over which some alloys have a 


alloy S 


finite 


strength or while at the 


coherence, 


same time having a negligible ductility. 
This temperature range, termed the 
hot-short temperature range, increases 
in equilibrium conditions with increas- 
ing silicon content to a maximum at 
approximately 1.8 percent silicon and 
then decreases to a low value. 

|t is suggested that the extent of the 
hot-short temperature range is one of 
the most important factors in deter- 
mining the hot-shortness properties of 
the alloys. 

The alloys studied in the investiga- 


tion consisted of super-purity alu- 
minum, 99.5 percent aluminum, and 
eight alloys containing. 0.25, 0.6, 1.0, 


1.5, 2, 4, 8, and 12 
spectively, the series being chosen so 


percent silicon, re- 


as to examine in detail alloys within 
Vero's critical range of 0.5 to 2 per- 
cent silicon. All the test-pieces were 
machined from round cast bars. This 


procedure was preferred to the use of 
wrought materials, for, in practice, the 
hot-shortness 
when cooling from the liquid state and 


alloys usually exhibit 


thus when possessing a cast structure. 

The tensile strengths of aluminum- 
silicon alloys containing up to 12 per- 
cent of silicon show a gradual decrease 
as the temperature increases above 400 
deg. C. to finite values at the solidus 
temperatures. The 
curves increases with increasing silicon 


steepness of the 


content, but up to the solidus tempera- 
ture the elongation and 
area of all the alloys remain high. At 
the solidus temperature, 
and reduction of area decrease to zero 
and the strength rapidly 


reduction of 
elongation 


decreases to 


a low value. The alloys retain. this 


small strength, or co! 


lerence, up to a 
temperature intermediate between that 
of the and 

The 


solidus over which the alloys are co- 


solidus liquidus. 


temperature range above the 
herent is dependent on their chemical 
composition, and in conditions approach 
ing equilibrium increases to à maximum 
at approximately 1.8 percent of sili 
con and then decreases to a small value 
at higher percentages of silicon. 





Application and Design Factors in A. C. Magnets 


From a conference talk on a.c. electro- 
magnets by Louis T. Rader, Illinois Institute 
of Technology at an A.I.E.E. district meeting 
in Indianapolis, Ind. 


Compared to motors for 


converting 
electrical energy into mechanical energy, 
electromagnets are simple, inexpensive 
and fast acting, and with proper mech- 
anical design they last for millions of 
operations. This paper discusses some 
factors affecting the design, construc- 
tion and application of single phase a.c. 
Unlike a.c. 
formers, in a.c. 
the may be 
several times greater than the leakage 
paths. 


magnets. motors or trans- 
magnets in the 


working air 


open 
position gap 
Since the rating is determined 
largely by the magnetzing current the 
properties of the magnetic 
used are extremely important. 


material 


A.c. magnets have several advantages 
over d.c. types including a relatively 
linear force characteristic. A d.c. mag- 
net generates heat only in its coil, and 
must have sufficient area to dissipate 
heat so that the ampere turns obtained 
for a certain number of watts will give 
the open 
position. Since the flux density for con 
stant 


the required flux density in 


directly 
as the gap is increased, generally a d.c. 
magnet 


ampere turns decreases 
has a force curve that varies 
inversely as the square of the working 
air gap. This force-distance curve can 
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be varied by putting overvoltages on 
the device and inserting resistance in 
the closed position but this involves ad 
ditional switching means. In general, 
the force developed in an a.c. magnet 
tends to remain constant as the gap is 
increased because of the higher current 
caused by the increased reluctance of 
the circuit. An a.c. magnet that 


erates the same watts as a d.c. magnet 


gen 


and has the same ampere turns in the 
closed position, may have as much as 
ten times that number of ampere turns 
when open. 


nated 


lami- 

the 
a.c. magnet is faster than a d.c. magnet 
as rated voltage. 

Different types of with 
single and multiple gaps, shown in Fig. 
1, are designed for the best perform- 
ance curve of force or torque and dis- 
tance for each application. 


Also because of its 


instead of solid structure, 


magnets 


Generally, 
magnets that use two pulling gaps have 
twice the force at half the stroke. In 
small sizes the armature can be sheet 
steel, usually with some silicon content. 
Sometimes the entire magnetic circuit is 
sheet steel, but such electromagnets are 
inefficient with low force output. 

Except for the very smallest, a.c. 
magnets usually are made of laminated 
silicon steel. In the smallest, where 
core losses are unimportant, common 
sheet steel or field grade iron (0.25 Si) 


In the larger sizes, motot 
Si), 


can be used. 


vrade (2.5 which is the 


highest 


percent 


silicon-content steel with re 
liable mechanical properties for mag 
nets is usually used. 

The valve operator type of a.c, mag 
hydraulic. lines 


uses cylindrical pipe stock or iron or 


net for pneumatic or 


steel castings, as shown in Fig. r. Be- 
cause of the solid material these mag- 
nets develop low force, perhaps a few 
34 in. stroke. The coil is 
possible ex- 
but 
losses in the solid iron are high and 
limit the size of 
continuous operation. 


pounds at 
totally 


plosion 


enclosed 
proof 


making 
construction core 


severely magnet for 

Size and rating of a magnet is crit- 
ically dependent on heat dissipation, 
which includes the kind of mounting 
plate, method of mounting, kind of in- 
closure, and other sources of heat within 
the inclosure. This information is often 
unknown and must be estimated. Ac- 
cordingly design methods based on 
data, preferably correlated 
through dimensionless coefficients, | and 


empirical 


guided by theory are most successful. 
To design a magnet, data should in- 
clude load-displacement curve, duty 
cycle, quiet pull in the closed position, 
mechanical life required, space avail- 
able, and maximum volt-amperes limi- 


tations. The two fundamental parts 
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Core types with U- magnets 


of the design problem are: (1) Condi- 
tions when the 
and (2) 


magnet is open. 





closed or 
when the 


magnet is 


sealed, conditions 


CLosEp PosrrioN. Other than noise, 
in the closed position primary factors 
are those producing heat that affect the 
coil temperature. They are: (1) Coil 
I’R, (2) pole shader loss, and (3) iron 
and stray loss. 

If the magnetizing current can be de- 
termined, the 
calculation. 


coil loss is a straight 
In a small magnet, for in- 
stance one of less than 2 lb. pull and 
'> in. gap, the coil may generate up t 
SO percent to the total watts of the 
device. Because of the relatively high 
coil resistance compared to the react- 


ance, the inrush current is not much 
larger than the magnetizing current 
and the design is similar to that of a 
d.c, magnet of the same dimensions. 
As the magnet size gets larger, the coil 
I'R loss increases less than the other 
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Solenoid types 


Permanent gap 


Permanent 


Fig. |—Basic types of electromagnets grouped on the basis of single and multiple working gaps. 





losses so that it may decrease to only 


IO percent of the total loss. 

The pole shader loss ranges from 10 
to 30 percent of the total watts, but 
its significance depends largely on the 
physical position of the shader wth 
respect to the coil and the degree that 
the shader’s heat 


increases the coil 


a 
c 
o 

= 
o 
2 

wo 
c 


Magnetizing Force, H 





Fig. 2—Effect of pressure on the 
magnetization characteristic of 3 per 
cent silicon sheet steel for magnets. 










Shell types with E-magne*s 


temperature. 


If small, the shader watts 
are almost immaterial in rating the de- 
vice. The in-phase component of sealed- 
in current, or magnetizing current, that 
supplies the 
negligible compared to the 


cause of the low 


shader watts is usually 
total be- 
power factor of the 
device. 

Iron losses include hysteresis loss, 
edd and stray 
sulting from manufacturing processes. 


As shown in Fig. 2, hysteresis loss of 


current loss, loss re- 


silicon steel can be greatly increased 
by pressures over 1,000 lbs. per sq. in. 
In riveted laminations, residual pres- 
sures around the rivet heads are usu- 
ally great enough to increase the hy 
Eddy current 
losses also can be as much as 


steresis loss considerably. 


300 per- 
cent more than indicated by Epstein 
tests where the laminations are held 


with little pressure and the edges are 
free from burrs. In production, the 
laminations have burrs, the magnitude 
of which depends on the number of 





laminations that are punched between 
addition to those 
at the edges, burrs exist at all holes 


die grinding. In 


punched for rivets or bolts. In clamping 
and riveting, these burrs may cut into 
adjacent laminations and the insulat- 
ing film between laminations may be 
destroyed thus increasing eddy current 
losses. 


Stray 


(1) Laminations 


losses are usually caused by: 
smeared into each 
other as a result of grinding the faces 
to insure good seating, and (2) rivets 
and end plates forming short circuited 
loops that are linked by flux. If rivets 
are as placed at 4 and B in Fig. 3, for 
example, the flux 2, represents flux 
that links the crcuit made up of AB and 
the end plates that tie the rivets to 
gether. 
B, or C and D can form similar loops. 
Generally, the voltages generated are 
small and the resistance of the circuit 
is enough to keep the loss reasonable. 


designs placed the rivets 


Similarly rivets such as C and 


Some older 
at the outside edge, as shown in Fig. 4 
circuit to 


and opened the magnetic 


the rivet. In present designs the rivets 
are placed primarily by mechanical con- 
sideration. Bolts holding an electromag- 
net to a metal base also can form part 
of a 
Fig. 5. Watts generated in a circuit 
such as this can be an appreciable per- 
centage of the total watt rating of the 
device unless it is carefully designed. 


parasitic circuit, as shown in 


PosrrioN. The usual B'A for- 
mula is almost useless for calculating 


OPEN 
force in a.c. magnets because of the 
diffculty in finding a usuable value of 
B because of the large working gaps. 
A more satisfactory method is to de- 
termine the. energy of the svstem, using 
the principle of virtual displacement. 
Brieflv, force is the first derivative of 
the total stored energy of a system, and 
it can be shown that in pound and inch 
volts, 


units where F force, ¢ 


i amperes, f frequency, that 


for linear gap-versus-current conditions 


— | y 
1 magnetizing 


, ang © i inrush 
F 0.703 — 
"T" stroke 





Fig. 3—Location of rivets determines 
how much flux links them in loops. 
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End frame ~. 
Bolt --~ i 






laminations 


Fig. 4—Rivets placed near outside edge with gap in magnetic circuit reduce 


iron losses. 


Fig. 5—Typical parasitic circuit composed of rivet, end frame 


or mounting flange, bolts, and mounting; the watts loss may be appreciable. 


he- Sealed 
A 


50 
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50 
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Fig. 6—Representative operating characteristics of a.c. electromagneis, 


showing relation of stroke to current and force. 


Since both the inrush and the mag- 
netizing currents are proportional to 
voltage the force is proportional to the 
voltage squared. At constant voltage, 
the ratio of inrush to magnetizing cur- 
rent also is a measure of the pull of 
a magnet. The equation also exposes 
the fallacy in thinking that a certain 
force can be obtained with less current 
i from 
another in the same field. If significant 


in one competitive device than 


differences exist, the devices compared 
are different in some important aspect 
such as perhaps operating stroke or 
physical dimensions. This ratio of in- 
rush to magnetizing current is a mea- 
sure of force only if there is no satura- 
tion. The curve of current versus gap 
is usually a straight line only at gaps 
I 


greater than '4 in. since saturation 


usually exists in the closed position. 
Representative operating characteristics 
The point A 
represents the sealed position where the 


are shown in Fig. 6. 


gap may range from 9.015 to 0.030 in. 
The current increases rapidly as a gap 
is introduced into the magnetic circuit. 
During the interval B to C the induct- 


ance varies linearly with stroke, the 


Range C is the most useful. 


current varies linearly, and the force 
is constant. At C, movement of the 
plunger begins to have less effect on 
the current, and the force decreases. 
When the current change 
with plunger movement then the plunger 


ceases to 
is essentially outside of the magnet 
circuit and the force is zero. The use- 
stroke of a magnet is 
usually about position C. 


ful range of 
In many de- 
signs the current increases faster than 
linearly with gap somewhere in the 
region BC, sav at E. 
to a force which is greater at E tha 


This gives ris 


at C, a not uncommon effect in a.s 
magnets. 

To calculate force by this method 
it is necessary to calculate current in 
both the closed and open position. This 
deriving suitable co- 
efficients from existing devices by which 
the N’A 


sectional 


can be done by 


(turns squared times cross 
area of iron) of the design 
can be multiplied to get the true react 
ance. The resistance can be calculat 
from known or assumed dimensions 


RESIDUAL With all mag 


nets in the closed position it is neces- 


STICKING. 
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sary to have a permanent air gap in 
the magnetic circuit to prevent stick 
ing. As shown in Fig. 1, this gap can 
he a clearance gap between plunger and 
In a circuit 
without a gap, the residual for 2.5 per- 


frame and can be built-in. 


ent Si. steel is about 52,000 lines per 
sq. in. This corresponds to a force of 
37.5 lb. per sq. in. and is not much dif- 
ferent whether the steel be of low or 
When the pri- 
mary current is broken the pole shader 
tself probably sends flux across the 


high silicon content. 


faces creating residual forces greater 
than those that exist in the main mag 
netic circuit turn. 

In magnets using steels that may 
age, although the device is satisfactory 
when manufactured it may later de 
velop sticking trouble because of the 
increased coercive force caused by re 
peated impact. A good high tempera 
ture anneal usually minimizes this 
tendency. 

A magnet is sometimes mounted in 
such a way that the permanent air gap 
is shorted by the device it is operating. 
In Fig. 7, a non-magnetic shim be- 
tween the magnet and valve and non- 
magnetic bolts overcame sticking that 
originally was caused by the valve body 
forming a continuous magnetic loop 
for residual. 
in the main mag 
netic circuit can be found by using the 


The residual flux 


second quadrant of the hysteresis loop, 
and finding the intersection of the air 
gap line with the curve. 

Annealed steel usually has a residual 
Hux that is greater than that of un 
annealed steel. If no air gap is in the 


rcuit, or if the air gap is too small 


the residual force is greater for t’ 


nnealed steel than for the other 





Fig. 7—Placing nonmagnetic mate- 
rial between the magnet and valve 
makes permanent gap effective to 
prevent relay sticking when closed. 
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MECHANICAL CONSIDERATIONS. The 


permanent air gaps between a moving 
plunger and the stationary iron, such 
as shown in Fig. 1, are very important. 
This gap is kept as small as possible 
to keep the magnetizing current low in 
the sealed position. Non-magnetic 
guides such as non magnetic stainless 
steel, brass, hard copper or berylium 
copper separate the magnetic parts. But 
some mechanical clearance is necessary 
and any unbalanced magnetic side pull 
is accentuated by movement of the 
plunger to the side having the greatest 
pull. This produces a wearing on the 
guide that is often the limiting factor. 

\fter hundreds of thousands of op- 


ENGINEERING ABSTRACTS 


erations, magnets may fail by breaking 
of rivets, mounting bolts or pole shader, 
Or c racking of iron supports. The mov- 
ing member may have from 1 to 100 in. 
lb. of stored kinetic energy. The time 
of stopping is short, deflections are 
small and the high forces subject the 
stationary member to impacts similar 
to that obtained by striking it with a 
hammer. In many applications, sur- 
faces mushroom out or are worn away 
so that permanent gaps may disappear. 
Magnets are kept quiet by pole shaders. 
But some mis-alignment may occur, 
dirt may get between magnet faces so 
that the magnet vibrates or hums au- 
dibly even though the shader is intact. 





Cold Working of Copper-Aluminum Alloy 


Foreign Abstract of "The Cold Working of 
a High-Purity Aluminum Alloy Containing 
4 Percent of Copper and its Relation to 
Age-Hardening" by Marie L. V. Gayler, from 
The Journal of the Institute of Metals, Lon- 
don, 1946, Vol. 72. 


The data described in this paper are 


based on the cold working of a high 


purity aluminum 4 percent copper alloy 


yreviously subjected to specific aging 
I 


heat-treatments. Correlation between 


the observed changes in hardness and 
the microstructure has led to further 
information regarding the effect of cold 
vork on the age harden ng process. 
Experiments were carried out in five 
series, in each of which all factors were 


onstant but one, which was varied. 


p The effect of rate of cooling from 
heat-treatment 
ture before cold 


degree of cold working and tempera- 


the solution tempera- 


working, when the 
ture of aging are fixed. 
2 The effect of the 


ging when both the condition of the 


temperature of 


working and the 
degree of cold working are 


alloy before cold 
fixed. 

3. The effect of a definite amount of 
cold work applied to an alloy previously 
aged to a fixed degree (as determined 
subse- 


v time-hardness curves), on 
by time-hardn ) 


quent aging at two specified tempera- 
tures. 

4. The effect of varving the degree 
of cold work, given immediately after 
quenching from the solution heat-treat- 
ment temperature, on the subsequent 
wing of the alloy at a specified tem- 
perature, 

s. The effect of the dezree of cold 
work before, and of the time exposed 


It. 
to, the solution heat-treatment tem- 


perature, on subsequent aging at a 
fixed temperature. 

The preperties of the alloy after each 
specific treatment were determined by 
microscopical analysis and Brinell hard- 
ness measurements. 

From the data obtained, the follow- 
ing conclusions are drawn: 

Cold work accelerates the rate of 
aging by an amount determined by the 
degree of cold work given. 

Microstructural changes show that 
the effect of cold work on a quenched 
specimen is to bring it into the fully 
produced by aging 
effect of 
further aging at room or higher tem- 


aged state normall 
at room temperature; the 
peratures is related to conditions deter- 
mined by the normal time-hardness 
curves. 

Lattice strain caused by cold work 
has been shown to be relieved by the 
formation of  sub-microscopic (or 
microscopic, depending on the previous 
condition of the alloy and its aging 
temperature) “crystallites” and, simul- 
taneously, sub-microscopic precipitates 
of copper-rich particles. 

The course of aging curves of cold 
worked and aged material has been con 
sidered in relation to the amount of 
lattice strain the material 
of withstanding. The inference has 
been drawn that measurement of lat- 


is capable 


tice strain, resulting from the cold 
rolling of a soft-annealed specimen, may 
be associated with Brinell hardness 


The mechanism of the relief of a 
strain caused by cold work is similar 
to that which occurs in relief of strains 


by the formation of “crystallites.” 
















































































































































































































































































































































































































































































































































EXAMPLES OF VARIOUS WELDING 


Sketches showing various ways to conserve weld material and to strengthen welded 


joints. Schematic diagrams depicting many applications of welding techniques. 


JOINING 
DISSIMILAR METALS 


Cutting tools 
Drills HS steel tip to carbon steel shank 


Straight shank Weld. 


| elo 


Tapered shank 


“Weld 


‘Weld 


Heat resistant Hl-strength-heot 

stainless stee/ treated 

whee/ shaft 
‘ 


Lathe center 
Weld line 


oct 


Mild stee! High’ speed 
stee/ 






«Flash we/ol 
Gas turbine 
Bucket Whee! and Shaft 


WELDING FOR STRENGTH 
AND APPEARANCE 
Handles Oil fitter 


Weld button for 
wire handle _Seam 
- ^" weld 


\. Projection weld 
on sump ring 


' Oil cans 


Seam welded base 





Electrical units 
contacts, etc. 





Small fittings, 
clips, etc., to 
large members 





Mounting studs for trim, 
moulding, etc. 


Crank case 





Ring projection weld 
sump or drain plug 


Precise/y spaced 
y retainer 


no marking 
on face 


JOINING ODD SHAPES 


Gratings, mats, etc. 
Spot weld 
` 


Lead battery parts 





Seam welding bellows 


Ate 


\Seam weld/ 
Stainless stee/ 


Metal tubing 





TEMPORARY AND PERMANENT JOINING 


Screens 
Weld *e 
^. 





Pots, pans, poils Spot,” 
etc. or seam weld 
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Spot weld 
key fo 
can fop 





Reinforcement 
on karge bodies 


Containers 


F—————— 


MIL skerchea coerfesy of rne 
Thompson K/éctric Ver Co. 
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DESIGNS AND TECHNIQUES 


Burr through and 
meet opposite 
weld 


Where accessibility and plate 
thickness permit, the 100 percent 
fillet weld can be made by 

the smothered arc process 


Correct 


Chip out 
ano reweld 


Note: 
one side is 
accessible for 
chipping and 
rewelding 


The 100 Percent Fillet Weld 


Inserted boss is to be preferred to that 


Before welding shown in “/ncorrect.” 


Less weld metal is 


required. Less difficulty in finish boring 


hole 


After welding 


Closing accessibility openings 
Note closure plate is dished 
before welding 


Correct 


Reinforced fillets are 
expensive. “Correct” shows way to eliminate 
reinforced fillet, which also reduces the 
amount of weld metal required 


When pos 


Incorrect 


Reinforced 
both sides 


P 


The deposited metal goes up 
os the square of the fillet size 


Correct 


Weld metal saved 


- 


sible, make weld 


in lightest plate 


Advantage of Y” scarf 
angle of straight bevel 
must be large enough to 
allow rod to reach bottom 


Incorrect 


All scetcnes courtwey of me Union Weiding Co 


SSS SSS SSS 
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By electrical analog, the stability of a servomechanism can be determined easily, quickly, and accurately. 


Stabilizing Servomechanisms 
For Optimum Overall Performance 


S. W. HERWALD 


Section Manager, Special Products Engineering, Westinghouse Electric Corporation 


Fundamental problem of hunting in servomechanisms and its cure explained 


and discussed. Three methods for determining servomechanism stability, use 


of anticipation, resistance-capacitance feedback, damping transformers and 


suggested design procedure are among the topics included in the discussion. 


BECAUSE of the increasing demand 


for higher accuracy 


and better transi- 


ent response, the stabilizing means 


that prevents the svstem from hunt- 
ng often is the most. difficult prob- 
lem in designing satisfactory servo 
mechanisms. ‘The  servomechanisms 
from the basic 


ussed on pg 


J n 1946 


onstructed compo- 


464 of the 
Product 


nents disc 


issue of Engi 


that 
stable either because of sufficient in- 


neering., assumed systems were 


herent damping or the inclusion of 


some stabilizing means. Generally 
from an accuracy standpoint, servo- 
that are stable 


because of their inherent damping are 


mechanism systems 
no longer suitable for présent indus- 
trial requirements. 


regulators, paper and steel mill sec- 





Modern voltage 
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tional controls, remote gun turret 
drives, and a host of other servomech 
anism applications all require precisi 


This 


general qualitative aspects of stabilit 


stabilizing. discussion of th 


can be supplemented by referring t 
the exact mathematical analysis 
veloped by several of the papers liste 
in the bibliography. 

The block diagram of the serv 








mechanism shown in Fig. 1 reveals 
the fundamentals of the stability prob- 
lem and its cure. The basic servo- 
mechanism function is that of match- 
ing the regulated quantity to the 
reference quantity, regardless of the 
influence of the applied control or 
disturbance. Matching is done by the 
error detector, the amplifier, and the 
error corrector. The closed loop con- 
sisting of the error detector, the am- 
plifier, the error corrector, and the 
regulated quantity is characteristic of 
all servomechanisms and accounts 
both for their high accuracy and their 
tendency to “hunt.” In a_ perfect 
servomechanism without time delays 
or steady-state error, the moment that 
the applied control or disturbance is 
varied the regulated quantity changes 
instantly to again match the reference 
quantity. Thus, at all times the error 
at the error detector is essentially 
zero. If the control applied to a per 
fect servomechanism 
oidally, the 


is varied sinus 


regulated quantity also 
will vary sinusoidally with no ampli 
tude or phase distortion. 

But unlike ideal servomechanisms, 
that are 


always have storage elements such as 


those devised by designers 


inertias, inductances, capacitances, 


and springs. Also there are energy- 
absorbing elements, such as dashpots, 
All of these ele- 
ments inject phase and amplitude dis 
tortion into the 


resistors and orifices. 


servomechanism. 
Therefore, in a real servomechanism, 
when the applied control is varied 
sinusoidally, there is both phase and 
amplitude distortion. If a certain fre- 
quency is applied to the system in Fig. 
| it is possible for the response of 
the regulated quantity to lag an ap 
plied control signal by180 deg. The 
signal that the regulated quantity pro- 
duces at the error detector is then in 
phase with the reference quantity sig- 
nal at the error detector, and often 
this signal is of sufficient magnitude 
to make the servomechanism unstable 
nd hunt. Several methods of analysis 
an be used to find out whether the 
vrvomechanism is stable. But in ad- 
lition to just knowing whether a sys- 
tem is stable or unstable, in most ap- 
plications it is important to know 
the response of the servomechanism 
to some particular transient. 

The mechanical design, the kine- 
natic layout, and the calculation of 
the error corrector sizes, usually.can 


i 1 
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be done by any competent machine 
But 


mechanical simplicity of many servo- 


designer. despite the relative 
mechanisms, the calculations establish- 
ing stability and those for determin- 
ing the effect of transients are com- 
plex. The required mathematics is 
similar to that for vibration analysis 
or for closed-loop a.c. networks. 

It is a fortunate coincidence that 
the wide use of electronic communica- 
tion circuits and a.c. power networks 
has resulted in an advanced knowl- 
edge of the operational calculus and 
rotating 


the relationships between 


vectors and complex numbers, re- 
quired for the analvsis of stability in 
servomechanisms. 

It is outside the scope of this arti- 
cle to set up the derivation of the 


But 


product designers must solve 


servomechanism equation. since 
man 
servomechanism and automatic con- 
trol problems involving hunting and 
instability, the following general 
perspective may be helpful. 
Expressing any time function as a 


function of the calculus operator *'p," 


where: 

E(t the error as an operational time 
function 

Ores(t reference quantity as an oper- 
ational time function 

Orel d) = regulated quantity as an oper- 
ational time function 

C1 disturbance as an operational 
time function 

Kife(t the operational time response 
function of the amplifier 

Kof-(? the operational time response 
function of the error corrector 

K3fo(p) = the operational time response 

function of the regulated quantity 


Then the fundamental servomech- 


anism equation is: 
Ores(p) — Kafel(p)Cu(p 


E) =F K KKT) Fo 


Applied 
Control 


Reference 
Quantity 


Amplifier 


Error 
Detector 





For practical calculaticns the response 
of the 
turbance, C,(p), can be obtained sep- 


servomechanism to the dis- 
arately and superimposed on the re- 
sponse of the servomechanism to 
change in the 


6s. (p). 


reterence quantity, 


‘Then the servomechanism 


response to Ore (5) Is: 
Orer(D 
Eta 2 
Í 1 -+ Af p 3 
where 
K K, Ks K3 
also 
Oreal? Kf(p 


neg (p) 1+ Af(p ' 
‘Three general methods of dete: 
mining servomechanism stability are 
now used. The first consists of either 
totally or partially solving Equation 
(2) by 2a 


variation of the 


classical. methods,??* 
second is to use a 
Nyquist method** and usually con- 
sists of plotting Kf(jo) for the range 
of ® 
jo has replaced » and where ; is the 


from zero to infinity where 


familiar \/—1 a.c. circuit 


specifying vector rotation. The third 


operator 


method is the analogy method. Gen- 
erally an electrical circuit is formed 
that has the same response, Equation 
(2), as the 
Then by 


real servomechanism. 


means of the mechanical 


transient analyzer," or other de- 


vices, the response ot the electrical 


circuit to a desired transient is ob 
tained, 


the real servomechanism. 


which gives the response of 
The analysis by the classical equa 
tions is quite a laborious procedure, 


and the final result is only for a cer- 


Disturbance 


Regulated 
Quantity 


Error 
Corrector 


Fig. I—Block diagram of fundamental relationships in a servomechanism. 
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Steady State Angular Error wit 


m eadponanannanaieee ee 


l. r = Actual system. damping 
Critical system Samping | 
1 = 


OD o o = 
> oe p o 


Critical Damping 
g 


Instantaneous Angular Error 


' 
e 
~~ o 


9/8. j OF 


à), t - Undámped System Natural Frequency x Time 


Fig. 2—Results of classical solution of performance for 
an angular position servomechanism with simple error 
control when a constant velocity is applied suddenly. 
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S 
X 
t 
`S 
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;' 270adeg. 
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Fig. 3—Frequency response curves for the angular posi- 
tion servomechanism of Fig. 2. For simplicity of presen- 
tation the usual intermediate scale lines are omitted. 


tain set of numerical values for para- 
Each 


value of a parameter is changed, the 


meters. time the numerical 
entire calculation has to be repeated. 
This makes it quite difficult to obtain 
optimum values. Complete solutions? 
for only a few ordinary a.c. 


‘Typical 


have been obtained 
data are 
shown in Fig. 2 for an angular posi- 


simple systems. 


tion servomechanism with simple error 
In Figs. 2, 3, 4, and 5 the 
performamce of the same servomech- 


control. 
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anism is shown as determined by the 
different calculating methods for an 
angular position. servomechanism. 
‘The mathematics 
taining the frequency response curve 
is nothing more than that required in 
circuit analysis. 
quency response can also be obtained 
experimentally by actually measuring 
the phase angle and amplitude of the 
regulated quantity, 6 
ing the error, E at constant amplitude 


Insfarmfeneous 
flarerror6 . 


Flectroni¢ 
amplifier 


Applied | Resistance Poojan 
voltage i to motor damping 
equivalent E£ Me Let 


to applied d 
forque----4 Current equivalent ~ *»d6, /di 
-—— 


! — fomofor velocity 


(B) 


i746, /dt 


Reference current 
equivolen*? fo 
applied reference 
veloci 


(c) 


Electronic 
amplifier 


Fig. 4—Angular position servomechanism of Fig. 2. 
(A) Schematic diagram. (B) Equivalent electrical cir- 
cuit for torque. (C) Complete analogous circuit used. 


W,t 


—— ———DÓ—— 


Fig. 5—Performance obtained photographically by tran- 
sients analyzer using electric analogy circuit of Fig. 4 
is quite accurate as compared to that shown in Fig. 2. 


and varying its frequency from zero 
to infinity. The ratio 85,,/05., can 
be obtained from a plot of 64.,/ E 

K (jo) on a polar diagram since the 
are related as given by Eq. (3). If 
there are no feedback loops around 


involved in ob- 


Fre- an element, such as the amplifier of 


Fig. 1, its frequency response can be 
obtained separately. This can be done 
either mathematically or experiment 
ally, and then directly superimposed 
on the frequency response of the re- 


, While oscillat- 
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^J stage amplifier 
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Fig. 6—Addition of time delays, anticipation, and RC feedback to the 





^ £ 
Additional time relays ~ ] 
[È „Additional time relays“ 


$00 


RC 
‘Equivalent feedback 


angular position servomechanism with simple error control of Fig. 4. 






“Cirewit element 
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Forcing 
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B "1 Ld bid 


Fig. 7—Transient analyzer laboratory. 
electrical transients periodically to the analagous electrical circuits and the 
solution to the stability problem appears on the cathode ray oscilloscope. 


mainder of the system to obtain the 
overall system frequency response. 
Methods?^* have been 


interpreting the 


devised for 
frequency response 
curves of a servomechanism system in 
terms of system damping and transient 
performance. In general, amplitude 
peaks occur at important natural fre- 
The 


measures of 


quencies, magnitude of these 
the 
The frequency band over 


Which the amplitude is flat is a meas- 


peaks are relative 


damping. 
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Servo amplifers and time delay circuits 


: a Power supply 
Cathode ray oscillograph 





Synchronous rotating switches apply 


ure of the speed of response. Although 
the frequency response method is ex- 
cellent for initial design stages, it still 
requires a large amount of experi- 
ence and interpretation to predict the 
exact response of a servomechanism to 
a particular transient. Shown in Fig. 
3 are the frequency response curves 
of the simple error angular position 
servomechanism. 

The 
setting 


analogy method requires the 
up of an equivalent system 


of which the basic Equation (2) 's 
the same as that for the servomech- 
anism being studied. Although, the 
equivalent could be either 
mechanical, hydraulic, or electrical, 
the ease of coupling electrical ele- 


system 


ments, together with the low power 
levels at which electronic tubes will 
transmit intelligence usually make the 
choice electrical. 

‘The 


alyzer 


mechanical transients an- 
provides a means of viewing 
and measuring on the screen of an 
oscilloscope the actual transient re- 
sponse ot the electrical network that 
is equivalent to a servomechanism 
system. The effect of varying any 
parameter is seen instantaneously and 
optimum design points are obtained 
quickly. 

The only real disadvantage of the 
analogy approach is that it involves 
the Efforts 


being made to furnish data'? obtained 


use of equipment. are 
in the mechanical transient analyzer 
in dimensionless form so that wide 
spread use can be made of the final 
results. 

The equivalent circuit used on the 
transients analyzer tor the angular 
position servomechanism with simple 
error control is shown in Fig. 4. The 
information in Fig. 5 was obtained 
photographically in the matter of a 
and 


few is quite accurate 


when compared to that ot Fig. 2 re- 


minutes 


sulting from considerable calculations 
‘The addi 


tion of time delays and anticipation 


by classical mathematics. 


times into the equivalent circuit is 
quite simple, as shown in Fig. 6, but 
their addition in the classical methods 
greatly complicates the solutions. The 
inclusion. of additional storage ele- 
ments to the Nyquist method of cal- 
culating servomechanism stability and 
response also complicates the mathe- 
matics but not to the prohibitive de 
gree to which the classical solution is 
complicated. As shown in Fig. 7 the 
transient analvzer equipment is rela 
tively compact. 


Simple Stabilizing Means 


[n discussing the simpler means of 
obtaining servomechanism stability, a 
few common examples will be given. 
Differences in the way each method 
achieves stability will be pointed out. 


ANTICIPATION. The use of anticipa 
tion to obtain servomechanism stabiliti 
requires the error detector of Fig. 1 to 











deliver a signal to the amplifier that is 
proportional to rate of error change 
plus one proportional to error. 

For the simple error angular posi- 
tion servomechanism, the performance 
of which is given in Fig. 2, the addi- 
tion of an error rate component bene- 
hts the servomechanism response. In 
the case of a practical servomechanism 
with a number of time delays, there is 
The 


ise of any larger value of anticipation 


an optimum anticipation time. 


time is detrimental. It is in finding 
that the 


analyzer shows great merit as a time 


these optimums transient 
saver, 

Two of the fundamental electrical 
circuits used to obtain anticipation 
mechanically are shown in Fig. 8. A 
used to obtain an- 


gyroscope can be 


ticipation mechanicallv. If a gvro- 
scope is rotated about one axis and the 
the 


movement against the spring in the 


other axis is spring-restrained, 
restrained axis is proportional to the 
speed of rotation of the unrestrained 
axis. Consequently, by using a point 
on the gyro that has components of 
both rotations, error plus error rate 
or anticipatory control is obtained. An 





‘ 








e e 


ey 
Applied — R 
— vo/tage 
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(A) 


excellent example of the results that 
can be obtained with gyroscopic an- 
ticipation is an electric turret-travers- 
ing mechanism for tanks'*. In Fig. 9: 
(4) is a schematic diagram of the 
system used; (B) is the response of 
the system to a constant velocity with 
no anticipation; and (C) is the re- 
sponse to the same constant velocity 
with a gyroscopic anticipation time of 
0.15 sec. The results shown in (B) 
and (C) were obtained from the tran- 
sinets analyzer. 

In general the optimum amount of 
anticipation time raises the natural fre- 
quency of the servomechanism system 
and materially increases the damping. 
Both of these factors are beneficial to 
servomechanism performance. 

The forcing effect of the rate com- 
ponent in anticipation tends to dimin- 
ish the initial overshoot of the servo- 
mechanism system in response to a 
transient. 

RC FEEDBACK. A resistance-capacit- 
ance, or RC feedback circuit similar 
to that Fig. 10(4), is 
used extensively to introduce sufficient 
damping into servomechanism systems. 


shown in 


[ts most popular application is in the 






Anficipo - 
ing 
vo/tage 







(B) 


Fig. 8—Typical electrical circuits for providing automatic — 


response in servomechanisms. (A) Resistor-capacitor. 





(B) Resistor-inductor. 





(B ) 
i j 
‘-Generator 
armature 
i generator 
(€) 


Fig. 9—Comparison of response of turret-traversing servomechanism to a 
suddenly applied velocity. (A) Schematic diagram of system elements. (B) 
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With no anticipation. (C) With gyroscopic anticipation of 0.15 sec. 









variable voltage type of angular posi- 
tion control. In that application, the 
input to the RC circuit is from the 
generator armature voltage and the 
voltage across the resistor of the RC 
circuit is fed back negatively into the 
amplifier driving the generator field. 
The schematic in Fig. 10(B) shows a 
typical application of an RC feedback 
circuit to a variable voltage angular 
position regulator. 

Although the RC feedback type of 
circuit gives excellent damping, it is 
usually detrimental to the transient re- 
sponse of a servomechanism system. 
Generally, it lowers the natural fre- 
quency of the servomechanism system 
and in response to a transient accentu- 
ates the initial overshoot. But RC 
feedback does provide a simple method 
for obtaining high damping. There- 
fore, it can be used to advantage in 
systems having an adequate margin in 
transient performance. The input 
to the RC feedback network can 
come from generator armature volt- 
age, from voltage drop due to gen- 
erator field current, from a d.c. tacho- 
meter driven by the controlled motor, 
or in general from any voltage that 
is a function of the original error 
voltage. 

DAMPING TRANSFORMERS. 
of damping transformers, particularly 


The use 


in voltage regulator? problems, is quite 
common. A typical damping transfor- 
mer application is shown in Fig. 11. 
The proper design usually calls for 
high primary resistance of the damping 
transformer and a mutual inductance 
to resistance ratio that matches a par- 
ticular time delay in the voltage regu- 
lator circuit. 

Damping transformers as normally 
used slow up the system response and 
natural frequency, although excellent 
damping can be obtained. If a damp- 
ing transformer is designed to saturate 
at voltages not too far above the regu- 
lated voltage, the slowing effects on 
initial return time to regulated volt- 
age after a transient can be reduced 
without sacrifice of damping about 
the regulated voltage. 


Design Procedure 


After the designer has made a pre- 
liminary selection of the error detector, 
amplifier, error corrector, and stabil- 
ity means to satisfy the needs of any 


particular application, the perform- 
ance of the resulting servomechanism 
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Fig. 1l —Typical application of damping transformer to a voltage regulator. 


system must be determined. For sim- 
ple systems, classical methods often 
are satisfactory. But for preliminary 
design of a general servomechan- 
ism problem, the frequency response 
method is a much better approach. 
Once the stability of the servomechan- 
ism system has been verified by the 
Irequency response method, its ap- 
proximate transient behavior can be 
obtained by analyzing the shape of 
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the frequency response curves. If the 
exact transient behavior is desired, 
classical methods usually are necessary. 

The newest and in many ways the 
most promising approach to servo- 
mechanism stability and performance, 
is the use of an analogue or analogy 
computer. With this type of equip- 
ment available, once the error detector, 
amplifier, error corrector, and stability 
means are selected, the circuit equival- 


ent of the actual servomechanism is 
reproduced by electrical elements. Op- 
timum values of design parameters 
and actual transient response to an 
arbitrary function then are obtained 
quickly and accurately. 

For best overall performance of sen- 
sitive servomechanisms, there should 
be close cooperation between the me- 
chanical designer and an engineer 
familiar with stability calculations. 
Such procedure insures a satisfactory 
design or tells quickly 
changes that are 
a hunting 
properly with complete stability. 


the design 
needed to make 


servomechanism operate 
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Fig. |—Fatigue properties of bimetallic strip are determined by repeated flexure over anvils in this machine. 


LEAD BASE BABBITT ALLOYS-II 


Fatigue and Wear Properties 


HENRY P. GEORGE 
Metallurgist, Frankford Arsenal 


Results of simulated service tests on ten lead base babbitt bearing analyses are com- 






pared to those on a tin base babbitt bearing. The load carrying ability of bearings of the 


ten materials are given. 


THE load carrying ability as bear- 
ings of the lead base alloys, the me- 
chanical properties of which were 
given in the first part of this article, 
PropucT ENGINEERING, May 1947, 
p. 118, were determined in a rota- 
tional wear test. Each bearing alloy 
Was cast in a steel shell of 0.790 in. 
I.D. and 1.000 in. O.D. using a half 
inch. core. The bearing surface was 
then bored to 0.752 in. I.D., leaving a 


The data given in this article are those 
of the author and are not to be construed 
as official data released by the United 
states War Department 
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Results of fatique tests on babbitt-steel strips are listed. 








bearing layer 0.019 in. thick. A shaft 
was fitted through the bearing and 
driven at 100 surface ft. per min. by 
a Y% hp. motor. The bearing was 
lubricated manually with S.A.E. No. 
20 oil. 

Loads were applied to the bushing 
in increasing increments through a 
collar by a calibrated helical spring. 
Each increment of load was carried 
for 24 hr. before the next increase 
was made. When the capacity of the 
bearing was exceeded, failure occurred 
within 2 or 3 hr. and was evidenced 








by overheating, galling and, in most 
instances, destruction of the bearing. 
Table I gives the highest unit loads 
in lb. per sq. in. of projected bearing 
area that could be supported for 2+ 
hr. Each value is the average of at 
least five determinations. Under this 
test, none of the lead base alloys sup- 
ported as much load as the tin base 
reference alloy (A). 

Specimens for fatigue testing were 
machined from strip-cast blanks to the 
following dimensions: Length 3/$ 
in., width % in., steel backing thick- 
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ness 0.0668 to 0.0673 in., and bearing 
metal thickness 0.0030 to 0.0036 in. 
The smooth, scratch-free surface re- 
quired to permit fatigue crack detec- 
tion by the fluorescent penetrant 
method was obtained by wet grinding 
the bearing surface in a solution of 
tallow in kerosene on a surface 
grinder, hand lapping with an ex- 
tremely 


and polishing with jeweler’s cloth and 


fine grade of carborundum 
5 


rouge. This produced a surface finish 
of 1% to 4 R.M.S. micro-inches. 
Bearing thickness of all specimens 
was checked with a magnetic gage. 


Apparatus and Test Method 


Preliminary tests showed that if 
there was a difference of 0.001 in. 
or more in bearing metal thickness, 
it was not possible to obtain similar 
fatigue results in similar specimens. 
failed 
much faster than the thinner linings. 
Calculations showed that the differ- 


The thicker bearing linings 


ence in stress at the outer fibers be- 
tween 0.0030 and 0.0036 in. of bear- 
ing metal thickness was 55 Ib. per sq. 
in. if the steel back was 0.0668 to 
0.0673 in. thick on all samples. 
this stress was within 


Since 
the experi- 
mental error of the test machine, these 
limits were maintained in the prep 
aration of the test strips. 

The apparatus used in this test, Fig. 
|, applies repeated flexural stress by 
means of a crank and connecting rod 
attached to an adjustable roller 
bracket fixture. 
constant so that the sample is flexed 


The crank throw is 


a total distance of 3% in. at the end. 
One end of the sample is held by a 
clamp; the other end is flexed by the 
roller mount between a pair of ad- 
justable, rounded anvils placed 1 3/16 
in. from the clamp end. By changing 
the anvil distances equal amounts on 
both sides of the strip from dead cen- 
ter, different bending moments and, 
therefore, different stresses can be ap- 
plied. A counter records the number 
of revolutions of the shaft. The ma- 
chine is run at 17,500 cycles of re- 
versed stress per hour. 

The test strips are allowed a short 
distance of free travel between the 
anvils and bend over the anvils the 
remaining This method 
locates the fatigue cracks away from 
the clamp and imparts a slight im- 
pounding force similar to actual con- 


distance. 


' i 
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ditions in many automotive bearings. 

The flexing mechanism with the 
specimen in position was placed in the 
oil case and oil was added to cover 
The oil was maintained 
at a temperature of 315 to 325 deg. 


the sample. 
F., throughout the test. The sample 
was removed at intervals and ex- 
amined for fatigue cracks by the 
fluorescent penetrant method under 
‘When a 
definite fatigue life was reached for 
the first of a series of identical sam- 
ples, subsequent test strips were run 


a low power microscope. 


within a few thousand cycles of this 
number and the test completed with 
300 to 500 cycle runs until fatigue 
failures took place. 

Because of the difficulty of photo- 
graphing the extremely fine cracks 
at the beginning of failure, the sam- 
ples were run several thousand more 
cycles until the fatigue bands devel- 
oped were of comparatively the same 
width in all samples and large enough 
to be photographed. Fig. 2 shows the 
crack network in a fatigue sample of 
Alloy (A) after 7,002 and 10,010 
cycles of reversed stress. In this speci- 
men cracks were first noted at ap- 
proximately 5,000 cycles. 

After the first few fatigue cracks 
formed, more cracks would develop 
with further flexure in a band widen- 
ing on either side of the anvil mark. 
‘They elongated slightly and opened 
wide after several thousand more 
repetitions of stress. 

In specimens of alloys (F) and 
(G) the original cracks elongated 
and widened when the tests were car- 


ried to the width of fatigue band 


—MM  ] MM Á— MÀ 


Table I—Results of Rotation Wear Test 


Performed on bushings with babbitt lining 


0.019 in. thick 


Maximum Unit Load, 

Alloy Ib. per sq. in. projected 
bearing area 

600 
350 
465 
190 
200 
90 
300 
390 
300 
300 


xe 


mp A oy ee 
=m wis t 


z—— 





accepted as the conclusion of the test 
(115,000 cycles). 
not readily formed. 


New cracks were 
A similar growth 
of fatigue cracks occurred at times 
in some of the samples that had slight 
surface scratches or that blistered 
during the test because of poor bonds, 
such as were found in some samples 
of alloys (H) and (J). 


possible to avoid the presence of slight 


It was im- 


surface scratches that could not be 
detected by "black" light examination 
Frequently the scratches 
sufficiently to be 
visible only at an advanced stage in 
It is believed that 
the presence of the slight irregulari- 


prior to test. 
became enlarged 


the fatigue test. 


ties did not interfere with the detec 
tion of the first fatigue cracks although 
their presence seemed to prevent the 
formation of a broad fatigue band. 
The data obtained from a visual 
examination of the fatigue samples of 
the ten lead-base alloys and the one 





* 


10 X Magniftcatio: 


Fig. 2—Fatigue cracks in samples of Alloy (A) shown by fluorescent penetrant 


under ultraviolet light. 


(Left) At 7,002 cycles. 


(Right) At 10,010 cycles. 
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American Society for Testing Materials 


Fig. 3—Centrifugal bearing fatigue testing machine designed to simulate the 
actions and conditions of service of automotive connecting rod bearings. 


(A) 


Fig. 4—Bearings after 48 hr. wear-fatigue test. 


tin-base alloy are given in Table II. 
There is small difference between the 
minimum and maximum values in any 
group of data. The difference in 
cyclic flexure from the initiation of 
cracks to a definite stage of growth 
ot the fatigue band gives an approxi- 
mate relationship for the rate of prop- 
All of the 


agation of fatigue cracks. 
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(A) Alloy F; (B) Alloy E. 


lead-base alloys showed better resist- 
ance to the development of fatigue 
cracks than the tin-base reference 
alloy. Alloys (F) and (G) had par- 
ticularly good fatigue properties. 
Wear-fatigue tests were performed 
in a device that simulated in accel 
erated form the conditions that ulti- 
mately lead to failure of automotive 








bearings. Except for alloy (I), the 
specimens for the test were prepared 
from bimetallic strip made by the 
continuous strip-casting process on a 
commercial production line. The 
strip was cut to length, shaped and 
machined into the form of liners for 
General Motors truck engine rod 
bearings, G.M.T.-270, employing the 
tools and fixtures used for industrial 
processing of bearings of a similar 
Specimens of alloy (1) were 
prepared by centrifugally casting the 
alloy inside a hollow steel cylinder. 


design. 


Wear-Fatigue Test 


The specimens were placed in a 
centrifugal bearing fatigue testing ma 
chine, Fig. 3, in which a rotating load 
simulated the loading of a main or 
connecting rod bearing under engine 
operating conditions. The bearings 
were supported within General Mo- 
tors engine connecting rods, type 
G.M.T.-270. When conducting the 
tests S.A.E. No. 30 oil was fed 
under pressure through the shaft. 
The temperature of the oil was con 
trolled by electric heaters located in 
the oil sump. The operating temper- 
atures of the bearings were dete: 
mined by thermo-couples embedded 
below the bearing surfaces. 

The bearings were weighed and 
measured before and after each run 
to determine changes in weight and 
thickness and examined visually to 


evaluate extent of damage. The jour 





Table ll—Results of Flexural Fatigue 
Tests On Babbitt-Steel Bimetallic 
Strip 


No 
| Cycles to 
Develop 


INo. Cycles Reversed Stress Samt 


Mo to Initial Fatigue Failure | Width 
| Fatiguk 

| | Bands 

| -= | 

| Min. Max. \vg. Avs 
A* | 4,800 5.100 5.100 10,000 
B 30.300 31,500 31,000 40 , QOU 
E 19,000 20,000 19,700 27,100 
D 42,000 43,500 42,400 Sé 0 
| 41,500 42,500 42,000 52,0600 
l 85.500 90,900 88,600 | 113,000 
G 61.500 64,500 62,700 80. 00 
21.000 23,500 22,600 30 , 000 
| 33.000 37.000 5.700 £4. 400 
| 25.000 27.100 26,300 35.100 


*Tin base 


— —— 
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Table Ill—Results of Wear-Fatique Tests of Babbitted Bearing Alloys 


Thickness of babbitt layer, 0.004 to 0.005 in. 
Clearance between journal and bearing, 0.002 in. 
Bearing operating temperature 360 to 365 deg. F. 
Load 1,770 lb. per sq. in. projected bearing area, tests No. 1 to 13 
Load 1,720 Ib. per sq. in. projected bearing area, tests No. 14 to 28 


Item l'est l'est 

No. No Material lime, 
ht 

l 29 Y (Tin-Basc ts 
2 30 | A (Tin-Basc 48 
) 6 | ) 48 
F | 11 B 48 
» i 12 | C | 48 
6 | 26 | C 48 
7 17 D $8 
8 | 22 D £N 
9 | v] | 48 
10 | 10 | l t8 
ll | 23 | $s 
12 15 | tS 
13 16 | 48 
IE! I8 (y 4S 
15 19 G t8 
16 14 H tS 
17 | 24 H £8 
IS | 27 | ES 
19 28 I 48 
20 | g | tS 
21 9 | £5 


Weight loss, grams 


Journal 
Wear, Rod No 7 Rod No. 8 
in 
| per Lower Upper Lowet 
| PI 

O0 0001 0.60 0.01 0 63 0 Ol 
0 0001 0.72 0.02 0 61 0.02 
0.0001 0 19 0 03 0.09 0.06 
0.000 0 05 0 01 0.07 0.05 
0.000 0.02 0.02 0.16 0.03 
0 000 0 10 0.02 0 13 0.00 
0 000 0 03 0 02 0 04 0.02 
0 000 0 01 0 01 0 06 0 01 
0.000 0.07 0 05 0.110 0.05 
0 000 0 210 0 OS 0 300 0.08 
0 000 0 05 0 00 0 210 0.00 
0 000 0.03 0 02 0.03 0.03 
0 000 0 05 0 04 0.05 0 05 
0.0001 0.02 0 01 0.03 0.02 
O 0001 0 06 0 01 0 04 0 01 
0 000 0 02 0 01 0.07 0 01 
0 000 0 01 0 01 0.04 0 01 
0 000 0 02 0 01 0 O08 0.02 
0 000 0.14 0 01 0 1 0 01 
0 0001 0 08 0 04 0 10 0.09 
0 0001 0 05 0.04 0.04 0 04 


Max. Thickness Loss, in 


Rod No. 7 Rod No. 8 
| pper Lower l pper Lower 
0 0003 0 0001 0 003 0 0001 
0.0038 0 000 0 0033 0.000 
0.0004 0.000 | 0.0002 0.000 
0.000 0000 | 0.0001 0.000 
I 
0.000 0.000 0.0008 0.000 
0.0005 0 000 0.0006 0.000 
0.000 0.000 0.000 0.000 
0 000 0.000 0 0003 0.000 
0.0002 0.000 0 0001 0.000 
0.0006 0.000 0 0011 0.000 
0.002 0.000 0.0014 0.000 
0.000 0000 | 0.000 0.000 
0 0002 0 000 0.0002 0.000 
0 000 0.000 0 0001 0.000 
0.0003 0.000 0.0003 0.000 
0.000 0 000 0.0005 0.000 
0 000 0 000 0.0001 0.000 
0 000 0 000 0.000 0.000 
0 000 0 000 0 000 0 000 


0.0002 0 000 
0.0002 0 000 


0.0003 0.000 
0.0002 0 000 


Ls 


nal was measured and examined for 
evidences of scoring and excessive 
wear. 
journal wear, bearing 
weight loss and maximum thickness 
loss are summarized in Table III. 
Alloys (D), (F), (G) and (H) 
showed the smallest losses in weight. 
Alloys (B), (C), (I) and (]) 
showed a slightly greater weight loss 
while the weight losses of Alloys (A) 
and (E) were much higher. 

All the bearings suffered some fa- 
tigue damage in the course of test. 
Visually, alloys (F) shown in Fig. 4, 
and (T) appeared to be least affected. 
Alloys (B), (D), (H) and (I) ap- 
peared to be in good condition; 
alloys (C) and (G) were relatively 
poor, while (E) and (A) were in 


very poor condition. 


Data on 


‘The appearance 
of alloy (E) after test is also shown 
Fig. 4. The most heavily stressed 
areas showed evidences of the develop 
ment of fatigue cracks. 
In the majority of the runs, the rod 


) * — 
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(upper) bearing was damaged more 
than the rod cap 
probably because of a difference in 


(lower) bearing 


the amount of support offered to the 
liner by the rod and rod cap. 

In some instances small areas were 
surrounded completely by fatigue 
cracks and were then undermined and 
torn loose from the steel backing 
material. these areas were 
thickness 


Since 
small, the measurement 
showed no change, and only a small 
weight loss was noted until a substan- 
tial portion of the surface was thus 
damaged. 

The tin base reference alloy showed 
appreciable overall wear, which may 
be related to fatigue or might repre- 
sent an entirely different type of wear. 
Of the lead base alloys, only alloy 
(E) showed any appreciable evidence 
of overall wear. 

In addition to the tests itemized 
in Table [11 further wear-fatigue test 
runs were made on alloy (A). These 
tests had to be discontinued prior to 


48 hr. because of bearing failure. In 
each of these tests one or more of 
the liners was seriously damaged, the 
temperature increased a hundred or 
more degrees above the normal operat- 
ing temperature of 365 deg. F. as 
a result of bearing breakdown, and 
the bearing was found to have most 
of the tin base alloy “wiped off” the 
The wiping of the alloy 
off the liner is attributed to a poor 
bond between the steel and babbitt. 


steel liner. 
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TECHNICAL ye? HIGHLIGHTS 


New System of Measurement Claimed to Aid Designer 


that 
inventor, be ap 


\ NEW SYSTEM of “proportions” 
can, according to its 
plied to the design of anything from 
the smallest house hold object to a large 
city by Charles Le 
architect, at the 
ng of the 


tute, 


Corbusier, French 
meet 


Insti 


recent national 


American Designers’ 
Based on the proportions of the 
human body and an arbitrary relation- 
ship known as the “golden mean”, the 


called T Modulor" 


an international svstem of mea- 


system, Is proposed 
also as 
surement, which will eliminate difficul- 
ties originating from use of both metric 


and English length units. 
The Golden Mean 


“Eficieney” and “harmony” in design 


are the two goals set by 


Corbusier, in the 
Modulor system. The “efficiency” goal 


would be realized by the adoption ot 


a world-wide standard of measurement, 


eliminating waste in production. 


As for the 


harmony” goal, the 


ç —— 


Mr. Le 


applic ation of the 


Modulor system was described by Mr. 
counterpart in 
the visual field, of the tempered musical 
scale in the auditory field. "The basic 
relationship is the 


le Corbusier as the 


“harmony” “golden 
mean” or ratio.” 
The a point between 
two limits which satisfies the following 
proportion: 


"mean and extreme 


“volden mean” is 


The smaller part is to the larger part 
as the larger is to the whole. 
The 


scales 


is not new, and 
similar 


"golden mean" 
based on relationships 
were proposed by Pythagoreas, Aristotle 
and other Mr. 
Le Corbusier's scale differs from these 
in that he claims the proportions of the 
human body follow the 


ancient philosophers. 


“golden mean” 
rule. 

The accompanying drawing illustrates 
this Three points on an 
body the 
plexus, the top of the head, and the 
tips of the fingers when the arm is 
follow the 


principle. 


"average" human solar 


raised “golden mean” pro- 


In the human figures shown 
at the left of the illustration. 
AD = DC; 
D is the golden mean of AB 
BD AD 
or - = ——  ; 
AD AB 
and B is the golden mean of DC 
BC BD 
Bb CD 


portion, 


or 


At the right, in the illustration, Mr. 
Le Corbusier shows two techniques for 
using this relationship: First, 


Point B 


center, and striking an arc with radius 


is obtained by using C, as a 


a side of the square. D, is the golden 
mean of Æ, B.. 


A» D»; = Dz Cy 


and Æ is the golden mean of Áa Ca. 

Six feet, or 182.9 cm., has been 
adopted as the basic measurement of 
human beings by Mr. Le Corbusier. 
A man of that height standing with his 
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Charles Le Corbusier, French archi- 
tect and designer, who announced 
his "Modulor" system of proportions 
at the American Designers' Institute 
meeting, claiming that it will elimi- 
nate "guesswork" from design. 


arm upraised would measure 88.997 in 
or 22.605 cm. from the floor to the 
tips of his fingers, from the floor to his 
solar plexus would be 44,498 in. or 
11.303 cm. Using the "golden mean", 
and these basic measurements, Mr. Le 
Corbusier contracts and expands the 
geometrical relationships of the human 
body into a “red” and “blue” linear 
series. Extending these at right angles, 
he gets a network or series of rectangles 
based on each of these series. He then 
lets them intersect, and gets another 
arrangement of rectangles. 


Use of the "Modulor" 


Mr. Le Corbusier, although he has 
not given specific examples of how this 
system can be applied to product de- 
sign, claims that the Modulor will be- 
come an important tool. He has de- 
vised a colored tape, which he states 
will be manufactured in this country 
along with a textbook explaining its 
use. This tape will show a scale from 
zero to 2.26 meters (89 in.) the height 
of a man with upraised arm. The divi- 
sions and subdivisions are determined 
by the "golden mean" rule. 

Until Mr. Le Corbusier discloses 
more details of his system, it will not 
be known whether he is introducing 
method or mysticism. For one thing, 
there seems to be no provision made for 
curved surfaces. Granted that the ob- 
jects of everyday use are related to the 
human beings who use them Mr. Le 
Corbusier must explain how the “golden 
mean” rule helps a designer in planning 
a functional product. 


Jo : ` - 
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V-2 "Flying Wind Tunnel" 
For Ram-Jet Testing 


A v-2 ROCKET, launched April 17th at 
White Sands, N. M., served as a super- 
sonic “flying wind tunnel” for testing 
part of a developmental diffuser for ram- 
jets at several times the speed of sound 
according to Dr. R. W. Porter, design 
Electric’s Aero- 
nautic and Marine Engineering Divi- 
sion. The forward haif of the specially- 


engineer of General 


contoured diffuser center section was 
attached to the rocket, above the in- 
strument compartment, in place of the 
warhead. 

The diffuser is a 
duct containing a mathematically-con- 


specially -shaped 


toured center section which serves as 
the inlet end of the ram-jet, increasing 
the pressure of the air which flows 
through it into the combustion chamber. 
Fuel is added and ignited in the com- 
bustion chamber, and forward-motion 
is derived from the thrust produced by 
expanding gases which blast through 
the nozzle. 

acting 
the ram-jet diffuser at several 
times the speed of sound, the V-2 
rocket offers the only available method. 
No wind tunnel in the United States 


is large enough to test full-scale models 


Io determine the pressures 
upon 


at these high supersonic air speeds. 

Twenty-three critical pressure points 
were established on the diffuser surface 
tested. Continuous pressure measure- 
ments were transmitted by a telemeter- 
ing system to the ground station. Mea- 
surements during the supersonic flight 
of the rocket were taken up to an 
altitude of 100,000 ft. Above 100,000 
ft., the atmosphere becomes too rarified 
to sustain the flight of a ramjet, as it 
must draw its supply of oxygen from 
the air. 

Values of pressure recovery were de- 
termined by calibration of the pressure 
data telemetered from the rocket while 
in flight, using information recorded by 
meteorological balloons over the firing 
site. These values will be used to 
verify theoretical calculations and es- 
tablish a basis for future designs. 


Nylon From Oat Hulls 


DEVELOPMENT OF A CHEMICAL PROCESS 
to use such agricultural by-products as 
corncobs, cottonseed hulls, and the hulls 
or bran of oats and rice in the making 
of nylon was disclosed by the company 
at a recent meeting of the National 
Farm Chemurgic Council at Oklahoma 
City. The cobs, hulls, and other cel- 
lulosic materials are the sources of a 
chemical known as furfural. The new 
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process turns furfural into adiponitrile, 
a chemical important in making nylon. 
A new unit will be built at the du Pont 
Electrochemicals Department’s plant at 
Niagara Falls to produce the chemical. 

The Chemurgic Council was told that 
du Pont had with the 
Quaker Oats Company to begin sup- 
plving furfural as soon as the Niagara 
Falls unit begins operations. The 
Quaker Oats Companv estimates it will 
require 200,000,000 pounds of corncobs, 
oat hulls, or similar agricultural by- 


contracted 


products annually to make the maxi- 
mum amount of furfural the du Pont 
Company might need. 


Changes in Electrical 
And Photometric Units 


IN PURSUANCE OF DECISIONS of the In- 
ternational Committee on Weights and 
Measures, the National Bureau of 
Standards will introduce on January 1, 
1948 revised values of the 
electricity and of light. While the defini- 
tions of the units and the methods of 
fixing their magnitudes will be different 


units of 


from the present practical systems, the 
changes in magnitude will be so small 
as to affect appreciably only measure- 
ments of high precision. In certificates 
for standards and instruments issued by 
the Bureau during 1947 values will be 
given in both the old and the new units. 
Electrical Units. The electrical units 
of the “international” system will be 
superseded by those of the 
svstem derived from the fundamental 


“absolute” 


mechanical units of length, mass, and 
time by use of accepted principles of 
electromagnetism, with the 
the permeability of space taken as unity 


value of 


in the centimeter-gram-second system or 
as 10° in the corresponding meter-kilo- 
gram-second system. 

The relations accepted by the Inter- 
national Committee on Weights and 
in. Paris in 


Measures at a meeting in 


October, 1946, are as follows: 


| mean international ohm 1.00049 
absolute ohms 
I mean international volt 1.00034 


absolute volts 
The “mean 
to which the above equations refer are 


international" of units 
the averages of units as maintained in 
the national of the six 
countries which took part in this work 
before the war. The units maintained 
by the National Bureau of Standards 
differ slightly from these average units; 
the conversion factors for adjusting 
values of standards in this country will 
be as follows: 
1 international ohm  (U.S.) 


laboratories 
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absolute ohms 
volt ( U 


absolute volts 


1.000495 
I international S) cm 
[1.00031 
Other electrical units will be changed 


by the following amounts: 


I international ampere 0.999835 
absolute ampere 

1 internagional coulomb 0.999835 
absolute coulomb 

I international henry 1.00495 
absolute henries 

I international farad 0.999505 
absolute farad 

I international watt = 1,000105 
absolute watts 

I international joule = 1.000165 


absolute joules. 


These factors should be used in con- 
the 
in international units in National 


verting to absolute system values 
given 


Bureau of Standards certificates. 


The 


s now defined as one- 


PHOTOMETRIC UNITS. “candle”, 
unit of intensity, 
sixtieth of the intensity of 1 sq. cm. of 
a standard black-body radiator operat- 
ing at the temperature of freezing 
platinum, making it 1.9 percent 
| 


about 


smaller than the international candle. 


Precision Casting 
Offers Economy Advantages 


MARKED 
quality 


by precision castin 


ADVANTAGES OF ECONOMY, 
obtained 


of gas turbine dia- 


and simplicity can be 


phragms according to a report now on 
sale by the Office of Technical Services, 


Department of Commerce. The report 


describes experimental wartime produc 


tion of gas turbine diaphragms by the 


\merican Brake Shoe Company under 
supervision of the Ofhce of Scientifi 
Research and Development. 

Precision casting of large parts weigh 


} 


ing as much as 100 pounds and of in 


tricate shape and fine surface finish was 


riven particular attention, Prior to 


these experiments, however, precision 


casting of intricate parts had been re 


stricted to objects usually under = six 
inches in size. 

Three methods of casting turbine dia 
tested 


investment and composite. 


phragms were core assembly, 


In the core 
assembly method, the mold cavity was 
produced by assembling four to eleven 
green investment cores and baking at 
1,100 to 1,400 deg. The method proved 
cumbersome, time consuming and un 
reliable. 

The investment method ("lost wax" 


process) required investing a wax rep 


lica of the desired casting in a refrac 
torv material After setting, the as 
sembly was b: ked to burn out the wax 


IH 


provide an accurate cavity for 
Cracking between vane cavi- 


and 
pouring. 
ties during baking was the most serious 
problem requiring solution. 

In the composite method, the critical 
dimensions of the casting throat area 
were formed in a core made by the in- 
vestment method and baked separately. 
The outer contours, subsequently ma- 
chined, were generated by a conven- 
tional dry sand mold into which the pre- 
baked core was set just before pouring 


which were acceptable except for cer- 
tain dimensional details that could be 
corrected. 

Fusible pattern materials, investiga- 
tion of which paralleled the casting re- 
search, are also discussed in the report. 

The report (PB-31210: Part I, Ex- 
perimental Production of Pilot Static 
and Centrifugal Castings for the Armed 
Services, Part II, Precision Casting of 
Gas Turbine Diaphragms; microfilm, 
$2; photostat, $4) can be ordered from 
the Office of Technical Services. 





Electroplating Process Produces Better Finish 


This method produced pilot castings 
A NEW ELECTROPLATING PROCESS in 


which finishing costs are reduced 20 
percent or more while the resulting 
product has better quality and a finish 
fully equal to that produced by older 
methods was described by George W. 
Jernstedt, Manager of Electroplating 
Projects for the Westinghouse Electric 
Corporation at a recent meeting of the 
American  Electroplaters Society in 
Pittsburgh. 

In the new plating process, current 
is reversed periodically to remove sur- 
plus or unsound metal, level peaks, and 
polish. Loose or surplus plate is “wiped” 
off by these electrical backstrokes leav- 
ing only the smooth, tightly fastened 
atoms. Successive layers of plate can 
be built up by this method to almost 
any desired thickness to make a deposit 
more dense and of greater homogeneity 
than that with 
continuous-current methods. 


| 


possible conventional 





Using the Periodic Reverse-Current 
Method, it is possible to produce a 
plate that is considerably smoother than 
the surface of the material to which it 
is applied. For example, a film of cop- 
per only .0015 inches thick has been 
plated on shotblasted steel with no 
evidence of the rough base metal being 
apparent at the surface of the copper 
plate. Burned electrodeposits, nodules, 
exaggerated buildup of metal at corners 
or at sharp points—all common in other 


plating methods—can be reduced or 
eliminated with the new process. 

Since the metal surface is brightened 
by the current reversal, hand buffing or 
polishing can be cut down or eliminated 
entirely in many cases. The new proc- 
ess works better with some electrolytes 
than with others. Plating baths best 
suited for its use are the cyanide-type 


baths such as copper, silver, zinc, cad 


mium and gold. 


These three meter magnets were plated by different methods in the same 
solution and none of them has been polished. All received approximately 
the same amount of copper plate. The magnet on the left was direct-cur- 
rent, rack plated for 5 hours, the one in the middle was direct-current, barre! 
plated for 7 hours, and the one on the right was periodic reverse-current 


plated for 4 hours. 
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WASHINGTON NOTES 





Compromise Looms Again in 
Science Legislation Controversy 


Chances for passage of National 
Science Foundation legislation have 
greatly improved as a result of the 
approval by the Senate Labor Com- 
mittee of a modified version of a bill 
sponsored by Senator Alexander Smith 
of New Jersey. It is not certain yet 
whether final passage will be achieved 
in this session of Congress or next, but 
the fact that proponents of the Old 
Kilgore bill have decided to go along 
with the Republican measure augurs 
well for its future. The bill, S. 526, 
as amended, is sponsored by Repub 
lican Senators Alexander Smith, New 
Jersey, Chapman Revercomb, West 
Virginia, Leverett Saltenstall, Massa- 
chusetts, Guy Corbin, Oregon, and 
Democratic Senators Elbert Thomas, 
Washington, Warren Magnuson, 
Washington, William Fulbright, Ar- 
kansas. The Senate is expected to 
pass it without much debate, but not 
until labor and possibly tax legislation 
have been acted on. This may put Sen 
ate passage too late in the session for 
action by the House; but House passage 
in 1948 would make the bill law. 


Controversy—One of the chief rea 
sons for failure to pass national science 
legislation in the last session of Con- 
gress was disagreement among the 
scientists themselves. Some of the 
scientists favored a single administrator 
and a patent clause which would have 
thrown into the public domain all dis- 
coveries financed by government funds 

In order to resolve this controversy, 
an Inter-Society Committee for a Na 
tional Science Foundation was formed, 
on the initiative of the American As- 
sociation for the Advancement of Sci- 
ence. It is composed of about seventy 
scientific societies which have com 
bined to urge that a National Science 
Foundation be established bv Congress. 
Of great significance are the results 
of a recent poll taken by the executive 
committee of the Inter-Society Com- 
mittee. The results indicated that the 
scientists favored a compromise be- 
tween the two principle bills now pend- 
ing in the Senate. Based on a 73 
percent return, the poll showed that 
two-thirds of the Scientists preferred 
a single administrator but the majority 
of them were willing to accept a com- 
Promise between a large governing 
body (48 was the original proposal) 
and a single director. No special stand 
On patent legislation was taken at this 
time; in this respect the present bill 
would be acceptable. 


Provisions of Smith Bill—The new 


|I would set up a National Science 
indation to develop a national policy 


> 
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Science Service 


Officers of the newly formed Inter-Society Committee for a National Science 
Foundation. Left to right: Harlow Shapley, President of the American Asso- 
ciation for the Advancement of Science, Vice-chairman; Edmund E. Day, 
President Cornell University, Chairman; and Dael Wolfle, Executive Secretary 
American Psychological Association, Secretary-Treasurer. 


for basic research, with no attempt to 
dictate or control federally-sponsored 
Basic research would be 
made available to all who can utilize it, 
consistent with national security. 

[he Foundation would be directed 
by a board of 24 members, appointed 
by the President and confirmed by the 


»enate. 


rest arch. 


'The members, composed of 
scientists, educators, and men of public 
affairs would be chosen from all parts 
of the country and would meet once 
a year or more, if necessary. The 
terms of office would be staggered so 
that after the establishment of the 
Foundation, one quarter of the members 
would be appointed every two years. 

The Board would choose a nine-man 
executive committee to meet at least 
six times during the year. This com- 
mittee would appoint a full-time di- 
rector, who would then choose a deputy. 

Initially, the Foundation would con- 
sist of five divisions: Medical research, 
mathematical, physical and engineering 
sciences, biological sciences, national 
defense and scientific personnel and 
education. The division of social sci- 
ences, another controversial point in 
the Kilgore bill, is not included in the 
Smith bill as it is presently constituted. 

Scholarships and graduate fellow- 
ships would be awarded for scientific 
study to accredited colleges and uni 
versities, both American and foreign. 
The Foundation would utilize appro- 
priations for research by making grants 
to qualified organizations and agencies. 

The patent policy merely provides 
that the interests of the government 
and the equities of individuals be pro- 
tected by operating within existing 
patent practices of the government. 
This provision would permit the 
Foundation to consider each project on 


its individual merits. For example, 
organizations capable of doing special- 
ized research might insist on title to 
any invention made in the course of 
this research, subject to a license for 
government use. This has been the 
experience of the Army, Navy and 
OSRD. On the other hand, the Sen- 
ate committee feels that where an or- 
ganization has had little or no experi- 
ence in a particular field, there is less 
reason to grant it invention rights. 
Funds available to government agen 
cies for scientific or technical research 
may be transferred to the Foundation 
upon approval of the head of any such 
agency. Appropriations to carry out 
the work would be made annually. 
When the bill reaches the Senate 
floor, Senator Wayne Morse expects 
to push an amendment requiring that 
at least 25 percent of all funds, exclu- 
sive of those for national defense, be 
distributed on a geographic and popu- 
lation basis among the states. This 
portion would be granted only to tax- 
supported colleges and universities, in- 
cluding land-grant colleges. At least 
another 25 percent would be required to 
be spent in non-profit organizations. 


Amendments Desired 
In Trademark Act 


The Lanham Trademark, scheduled 
to be put into law by the Patent Of- 
fice on July 5, is already the target of 
amendment-seeking lawyers. Their 
problem of the moment is to find a 
senator who is willing to further their 
cause against almost certain opposition 
from the Justice Department and Fed- 
eral Trade Commission. 

Trademark lawyers are in agreement 
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with the main features of the Lanham 
Act, but would like to remove the New 
Deal amendments which were inserted 
last year by Senator Claude Pepper's 
Senate Patents Committee. Their 
main target is a small paragraph which 
of a trademark in violation 
anti-trust 


nakes use 
of the 
valid defense in any 
\ttorneys say 


laws, if so proved, a 
infringement suit. 
that it is an 
vitation to infringers to appropriate the 
marks of large companies which have 
antitrust litigation. 
makes every infringer an 
antitrust policeman; gives him a roy- 


open in 


been involved in 


They say it 
alty-free license and generally confuses 
the whole process of defending private 
trademarks. 

\ bill to strike out this feature of the 
Lanham Act similar i 
expected to be introduced as soon as 
a “suitable” found to 
sponsor it. Supporters include the 
United States Trademark Association, 
the Patent Law section of the Ameri 
\ssociation, and former Rep- 


property in 


and sections is 


senator can be 


can Bar 
resentative Fritz G. Lanham who orig- 
inally sponsored the Trademark legis 
lation 

\lready pending in the House is the 
bill, H.R. 2988, which 
soften the Lanham Act by requiring 
owners of existing marks to publish 
them under the new law, in order to 
The effect is 
such marks out from under th« 
Lanham Law 


Gossett would 


vet anv of its benefits 
to take 
unless the owner wants 
his’ trademarks to become incontest 
able and is willing to accept the “anti- 
monopoly” qualifications tacked on by 
the Pepper Committee 
Representative Gossett’s Bill feel that 
trademarks have been a 


Spons rs of 


"stepchild" in 
To correct this, the 
would provide for an assistant commis 
sioner for trademarks who would be an 
this field. 


the patent office 


expert in 


Opposition to Use 
Of German Scientists 


Sudden 
scientists 


agitation among American 
against the use of German 
scientists in this country is prompted 
by recent attempts on the part of the 
\rmy to place a number of Germans 
in university and industrial jobs. These 
men been "drained" of useful 
Gata, put the Army wants them in posi 
tions where they will be 
immediate call. 


he Americans resent the job com 


have 


subject to 


petition and there is some feeling of 
distaste in working alongside of Nazis. 
lhere is no disposition to quarrel with 
employment of Germans on rocket 
at which they are acknowledged 
and the Army is keeping the 
Germans out of atomic projects. But 
there is some question over the use of 
former enemies in secret radar research 

a field in which Germany dropped 
far behind during the war. 


work. 


le ack rs, 
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Replica Surface Analyzer Developed at Bureau of Standards 


EVALUATION OF SURFACE ROUGH NESS, 
is obtained by a new National Bureau 
of Standards method in which a care- 
fully prepared plastic replica of the 
surface is analyzed by photoelectric 
means. 

The replica surface analyzer is based 
on the use of a plastic replica of a 
surface, which minute 
detail the protuberances and recesses 
of the surface. The plastic replica is 
produced by applying a suitable solvent, 
or solution of plastic in solvent, to the 


reproduces in 


test surface and pressing on a strip 
of clear plastic film. When dry the 
fim, or readily stripped 
from the 

The evaluation of a 
sists essentially in passing a restricted 
beam of light through an oscillating 
replica, thence through a suitably re- 
stricting diaphragm onto a photoelectric 


replica, is 
surface. 


surface con- 


cell. The replica is oscillated with re- 
spect to the l'ght beam in a straight line 
or in a curved path with the path of 
that the light 
beam will cross the protuberances and 


motion maintained, so 


recesses of the surface. Meter readings 


or records are translated into “rough- 


ness” evaluations by calibrating against 


surfaces of known roughness as deter- 
mined by microscopic means. 


PHOTO-ELECTRIC CELL 7 


VERTICALLY 
ACTUATED 
FRAME 


Principal features of the replica surface analyzer. 


Some of the commonly used devices 
for determining the roughness of a 
surface employ a stylus or tracer which 
generally terminates in a spherical tip 


of verv small radius (0.005 inch or 


less). These are usually made of very 
hard material such as diamond, which, 
in some cases during the tracing op- 
eration, may This 
is especially true of materials of low 


score the surface. 
hardness value such as annealed steel 
or bearing alloys. Furthermore, this 
type of instrument measures only a very 
restricted area in a single setting. ‘The 
method for evaluating roughness de- 
veloped at the Bureau entails neither of 
the objectionable features of the stylus 
or tracer devices. 

Salient 
method for surface 
Maintenance of a permanent record of 
finish, (2) rapid evaluation 
of a relatively large area of surface in 
one determination, (3) simplicity of 
operation, (4) prevention of damage to 
even for soft 
tin-base 
since the 
prepared in one locality and transported 
to the location of the analyzer. This 
applicable fo: 


features of the replica 


analysis are: (1) 


a surface 


materials such 
and (5) 


surface, 
as lead or alloys 


availability, replica can be 


method may also be 


evaluating corrosion pitting of metals. 


— ELECTRONIC VOLTMETER 


— ROTATING ORUM 


Basically, the principle 


consists of passing a restricted beam of light through an oscillating test replica 
(mounted on vertical frame) and onto a photo-electric cell. The light trans- 
mitted by the replica to the photo-electric cell varies in accordance with the 
geometric characteristics of the replica and causes a fluctuation of electron 
photo-emission and hence a pulsating current, which is registered on the 
voltmeter. A rotating drum (lower) may be substituted for the vertically 
actuated frame to accommodate long replicas. 
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Thomas of Monsanto Gets 
Industrial Research Award 


Dr. Charles A. Thomas, vice pres- 
ident and technical director of Mon- 
santo Chemical Company and one of 
the key figures in the development of 
atomic energy, has been awarded the 
1947 Industrial Research Institute 
Medal, presented for outstanding con- 
tributions to the field of industrial re- 
search, it has been announced. 

The Institute, composed of 88 com- 
panies representing diversified types of 
industry throughout the nation, cited 
Dr. Thomas for his “contributions to 
the administration and management of 
industrial research.” "The medal was 
presented. June 5 during the annual 
meeting of the Institute at Swampscott, 
Mass. Previous recipient of the award, 
which was established last vear, was 
Dr. Willis R. Whitney, organizer of 
the General Electric Research Lab- 
oratory. 

Dr. Thomas, one of a group of sci- 
entists to receive the Medal of Merit 
from Secretary of War Robert P. Pat 
terson in March, 1946, was also one of 
five co-authors of “A Report on the In- 
ternational Control of Atomic Energy,” 
prepared for the Secretary of State's 
Committee on Atomic Energy. He is 
director of the Clinton Laboratories at 
Oak Ridge, Tenn. 
Dr. Thomas was elected president of 
the American Chemical Society in na- 
tion-wide approximately 
50,000 members of the society. 


In December, 1946 


balloting by 


Case School Changes Name 


Case School of Applied 
Cleveland, will become Case Institute 
of Technology in 1947, 
petition filed in court by 


Science, 


provided a 
Frank A. 
Quail, president of the college's trus- 
tees is approved. The court's permission 
is necessary since changing the name 
departs from the provisions of the 
trust, established in 1877 by founder 
Leonard Case, Jr. No opposition is 
expected to changing the name. 


International Nickel 
Extends Fellowship Awards 


An extension of the International 
Nickel Company fellowship awards in 
Canada, Great Britain and the United 
States has been announced by Robert 
C. Stanley, Chairman and President 
ot The International Nickel Company 


bs : . A 
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DIRECTOR OF THE 


NEWLY-CREATED 
Johns Hopkins University Institute for 
Cooperative Research is Dr. Lawrence 
R. Hafstad. Since 1942 Dr. Hafstad 
has been connected with the Johns Hop- 
kins Applied Physics Laboratory and 
has been its Director of Research for 
the past year. The Institute will make 
use of all the schools and divisions, in- 
cluding the science departments in the 
School of Higher Studies, the School 


of Engineering, the Applied Physics 
Laboratory, the School of Medicine, 


and the School of Hygiene and Public 
Health. The Institute will engage in 
cooperative research activities which are 
of fundamental scientific importance. 
All Institute research will not be theo- 
retical, however. Research will be fun- 
damental and carried on at the request 
of government and industry. Develop- 
ment from laboratory to production for 
consumer use will be carried on by the 


sponsoring agency. 





of Canada. The fellowships are part 
of a broadened program of cooperation 
extended by International 
Nickel to universities and colleges in 
the field of technical education. Ob- 
jects are to assist in the better training 
of scientists; to extend their knowledge 
of nickel, copper, platinum and the plati- 
num metals; and to encourage applica- 
tions of the results of research to metal- 
lurgical industries. In Canada, three 
scholarships are awarded annually. For 
Great Britain a fund has been estab- 
lished for resident and traveling fellow- 
ships over a period of years. The fund 
will be administered by a committee 


recently 
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representing five British technical so- 
cieties. 

In the United States six two-year 
fellowships will be awarded bi-annuall) 
over a period of twelve years. Awards 
will be made by a committee of which 
Dr. Paul D. Merica, Vice President of 
the company in New York, is chairman. 
The fellowships provide an annual 
stipend and tuition for study, and will 
be awarded to the Massachusetts In- 
stitute of Technology, Carnegie Insti- 
tute of Technology, Yale University, 
University of Michigan, University of 
Illinois and Johns Hopkins University. 


New Gas Turbine Laboratory 
For Pratt & Whitney 


First unit of a several million dollar 
gas turbine laboratory for the Pratt 
& Whitney Aircraft Division of the 
United Aircraft Corporation at East 
Hartford, Conn., is being erected. The 
laboratory will be used in connection 
with a program of gas turbine engine 
research and development. 

Tests for performance and durability 
will be conducted under widely varying 
conditions, including simulated high al- 
titudes up to 40,000 ft., temperature 
extremes from minus 70 deg. F. to 
2,000 deg. F. and speed effects up to 
soo miles an hour. 

When completed, the laboratory will 
be one of the largest and most com- 
pletely equipped in the country. In 
size and range of equipment there will 
be few similar commercial facilities. 
In the development of turbine power 
plants, equipment is re- 
quired which differs radically from that 
used in the 


laboratory 


reciprocating 
This is mainly because the 
internal or unused power of the tur- 
bine greatly exceeds that of the piston 
engine. Also the mass of air required 
to feed it is many times that of a cor- 
responding conventional engine. 

To handle the high powers necessary 
to produce this tremendous flow of air, 
and to drive the mechanisms for simu- 
lating countless conditions of altitude, 
temperature and speed found in actual 
flight, powers ranging from 5,000 to 
18,000 horsepower in single test units 
will be needed. 


testing of 
engines. 


High Dielectric Ceramics For 
Limited Space Capacitors 


New ceramic dielectrics, having ex- 
ceptionally high dielectric constants, 
have evolved from extensive research 
at the National Bureau of Standards. 
Such dielectrics are of major import- 
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(Left Extremely high dielectric constants of ceramics of the type developed at 
the National Bureau of Standards make possible the tiny capacitors used in 
conjunction with the new wiring techniques to produce this miniature double- 
stage amplifier. The circuit elements—conductors and resistors—are "printed" 
directly on the glass envelope of the miniature twin triode, the addition of tiny 
capacitors completing the circuit. (Right) Disk capacitors—ranging from 0.13 
in., 7.5 micromicrofarads to 0.50 inch, 10,000 micromicrofarads—made from 
high dielectric ceramics. Such capacitors are important in the manufacture 
of electronic applications where space limitation is imperative. 


ance in the production of capacitors for 


use in radio, radar, television, and in 
other special equipment where space is 
at a premium—such as the radio prox- 
fuze and Their 
extremely high dielectric constants also 
adaptable for 


imity hearing aids. 


make them particularly 
the tiny capacitors required in sub 
minature electronic devices. 

The unusual electrical properties of 
the naturally occurring titanium di- 
oxide mineral, rutile, have been known 
forty 


useful in radio design for about twenty 


for over years and have been 


However, the very high values 
some of the 


years. 
of dielectric 
titanates 


constant of 
were observed only a few 
years before the last war. 

Because the capacity of a condenser 
is proportional to the value of the di- 
electric constant of the insulating mate- 
rial, a great saving of space is possible 
extremely 
Other prop- 
erties, such as the break-down voltage, 


electric 


when such material has an 


high dielectric constant. 


power loss and change in 
capacity with variation in temperature 
of the dielectric, must be considered. 
As nonporous bodies are required for 
of titanate di- 
must be 
given to the original materials and to 


the maximum efficiency 
| 


electrics, careful attention 


the various steps in the preparation of 


Sut h bodies. 


Variations in the purity 
and grain-size of titania, and in the 


alkaline earth materials, frequently pre- 


vent close duplication of the properties 
the current in- 
vestigations at the Bureau, commercial 


of the dielectrics. In 
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titania (98.7 percent titanium dioxide) 
and carbonates of barium, strontium, 
calcium and magnesium are used. All 
of these materials are powders of ex- 
tremely small grain size. For example, 
in one gram of titania, particles had a 
total surface of 38,000 sq. centimeters. 
problems remaining to be 
solved are under study at the Bureau. 
One is a satisfactory method for prepa- 
ration of thin disc dielectrics--not 
than 0.001 inch 
some types of capacitors. Another in- 
volves the stabilization of the highesi 
wide tem- 


Sev eral 


greater required for 


dielectric constants over a 
perature range for specimens prepared 
from mixtures of barium and strontium 
titanates with constants of 10,000 to 
Compared with specimens of 
barium-strontium titanates, those made 
from  barium-calcium  titanates had 
lower values of the dielectric constant, 
while the lowest values were found in 
the barium-magnesium titanates. 
These investigations have shown that 
the power factor of the specimens in- 
creases with increased content of barium 
titanates. For example, the power fac- 
tor for strontium titanate (measured 
at one megacycle per second, at 25 deg. 
C., and with less than 40 percent rela- 
tive humidity) is 0.0001, while barium 
titanate, under the same conditions gives 
a power factor of 0.01. Measurments 
made at a frequency of 3000 mega- 
cycles per second indicate a general 
lowering of the dielectric constant and 
a poorer figure of merit as compared 
to the values obtained at one megacycle. 


18,000. 
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Director of Stevens Towing Tank 
Receives Franklin Medal 


Kenneth S. M. Davidson, director of 
the Experimental Towing Tank Labo 
ratory at Stevens Institute of Tech- 
nology, received the John Price Wether- 
ill medal from The Franklin Institute 
at Philadelphia on April 16 for his 
“contribution to the improved design of 
ships through his experimental work on 
ship model hulls.” Announcement was 
made by Dr. Henry B. Allen, executive 
vice president and secretary of The 
Franklin Institute. 

Dr. Davidson associated 
with Institute since 1930 and 
has been director of the Experimental 
Towing Tank since 1935. In that year 
a small towing tank, 100 feet long, was 
constructed and under his leadership 
in the years that followed the project 
grew to include three of the most mod 
ern towing tanks in the country and a 


has been 
Stevens 


staff of sixty persons carrying on long 
range hydrodynamic research and model 
tests of Army, Navy and civilian craft. 
Dr. Davidson’s work in hydrodynam- 
ics has been instrumental in establishing 
small towing tanks and models as 
recognized research instruments capable 
of predicting quite accurately the per- 
formance of larger vessels. During the 
war the large towing basins, one 313 
ft. by 12 ft. and the other 75 ft. square, 
were built at Stevens and experimenta- 
tion was carried on for the Navy De- 
partment and for the Office of Scien- 
tific Research and Development. Dr. 
Davidson's investigation of such phe- 
nomena as “porpoising” of seaplanes 
and the behavior of ships in turning and 
steering have made him internationally 
known in the field of model testing. 


Battelle Electronics 
Laboratories Expand 


Increased demand for research in 
electronics has resulted: in an expansion 
of the electronics laboratories of Bat- 
telle Institute, Columbus, Ohio, ac- 
cording to Director Clyde Williams. 
The expansion program, which has 
been under way for the past year, in- 
volves the allocation of more 
purchase of equipment, addition of per- 
sonnel, and the centralization of facili- 
ties for electronic research. 

There is an increased consciousness 
of electronic controls in industry, and 
numerous industries have turned to 
Battelle for assistance in their control 
and instrumentation problems. ‘These 
include industries as diverse as mining, 
metal products manufacturing, paper 
making, food processing and chemical 
product manufacturing. 
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New Materials and Applications Featured at Plastics Show 


CoNCURRENTLY with the annual meet- 
ing of the Society of the Plastics In- 
dustry in Chicago May 6 to 9, the 
Second National Plastics Exposition 
sponsored by S.P.L, was held in the 
Chicago Coliseum. Unlike the Plastics 
Show held last year in New York, the 
show was not open to the public. Ad- 
mission was free to any user of plastics. 
Representatives of automotive, home 
equipment, electrical, machine tool and 
other industries attended. 

The complete conversion of plastics 
to peacetime uses was emphasized. For 
instance, the Pacific 
campaigns are now laminated canoes, 
luggage and machine housings; anti- 
gas covers are packages of all types; 


assault boats of 


radar casings are radio set housings. 

One of the newest phases of the plas- 
tics industry—low pressure laminating 
and molding—was exhibited in many 
Besides the household 
items such as lampshades, large con- 
toured shapes such as boats and cribs 
were shown. Low-pressure laminated 
constructions such as wall panels, con- 
sisting of plastic cores between sheets 
of aluminum or thin steel—gave auto- 
mobile, refrigerator, and machinery 
builders many new ideas. 

One of the major revelations of the 


forms. usual 


(left 


show was the ase of plastics for indus- 
trial applications, such as insulators, 
machine housings, gears, industrial floor- 
ing, and electrical components. The 
S.P.I. emphasized these “unseen” plas- 
tic uses in their campaign to “deglamor- 
ize” plastics, pointing out that plastics 
must stand or fall on their own merits, 
and not as a substitute, or as “gay” ma- 
terials for special decorative applica- 
tions. They are not intended to supplant 
older materials, but to supplement them, 
just as stainless steel has supplemented 
plain carbon steels 


New Materials 


Among the new materials announced 
at the show was a ñew type of polv- 
styrene developed by the 
Chemical Company. 
than the 
tion, the new 


Monsanto 
Costing slightly 
conventional formula- 
material has a heat dis- 
tortion point 9 deg. C higher than the 
older polystyrene. Impact strength is 


more 


also far greater. 

The B. F. Goodrich Chemical Com- 
pany revealed two new developments. 
Their “paste resins”. based on poly 
vinyl chloride, are a dispersion of resin 
in plasticizer, and are offered with or 
without a diluent or “carrier” vehicle. 
Vinyl paste resins are used for produc- 


aving given 67 percent longer service than a riveted lining. 


) ` 
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tion of their films, or as coatings for 
fabrics, paper, and metals. A new tech- 
nique makes possible small “moldings” 
without presses. The second Goodrich 
product shown was a blend of nitrile 
synthetic rubber with vinyl and phenolic 
resins. These blends were molded into 
tool handles and other solid objects. 

In the same field of rubber-plastics 
blends, the Goodyear Tire and Rubber 
Company showed paints and surface 
coatings based on these new combina- 


tions. Extremely high corrosion resist- 
ance and toughness are claimed for 


these finishes. 

In the molding field, a new machine 
for injection molding thermo-setting 
materials attracted great interest. This 
was shown by the Rockford Machine 
of Rockford, lllinois, 
and was described in a technical paper 
by Mr. Ray Alden of Globe Imperial 
Corporation and Mr. Rudy Herrstrum 
of Rockford Machine Tool Company. 

The Bakelite Corporation attracted 
a great deal of interest with a new type 
of "medium-pressure" paper-base lami- 
nate, used as frames and inner door 
panels for the new Admiral Refrigera- 
tor. These are made from thermoset- 
ting resins, by a post-forming technique 
which gives a large depth of draw. Also 


Tool Company 





Bakelite Corporation 


] This housing for a 12-in. wall type speaker is approximately 30 in. long, 17 in. wide, 10l/4 in. deep, and weighs 
?3lb. It was exhibited by Bakelite to demonstrate the size of parts that can be compression molded in a single opera- 
tion from phenolic molding material. (Right) The high strength bonding of brake lining to brake shoes by heat 
resistant cements makes possible use of the entire body of the lining. Omission of rivet holes increases total braking 
surface by more than 15 percent. This brake shoe exhibited by Bakelite shows lining worn down to the metal after 
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Dr. John J. Grebe (left), Director of Dow Chemical Company's Physical 
Research Laboratory, received the John Wesley Hyatt Award for outstanding 
achievement in the plastics industry during 1946. Dr. Charles F. Kettering 
(right), Vice President of General Motors Corporation, presented the medal 
to Dr. Grebe for his work on pure styrene and its polymerization. 


shown at the Bakelite exhibit was a 
new glass-mat sheeting, impregnated 
with vinyl resins, to give a flexible 
product. Made by Polyplastex-United, 


Elmhurst, New York, these glass-mat 
are claimed to be suitable for 
lighting decorative soundproofing, and 
machine housing applications. 

New materials featured at the Du 
Pont exhibit included polytetra-fluoro- 
ethylene, or “Teflon”, used as corrosion- 
resistant gasketing, polyethylene sheet- 
ing and cellular cellulose acetate which 
is a foamed plastic used as structural 


sheets 


insulation. 

The General Electric Company dis- 
played their silicone rubber for heat- 
resistant applications. 

New cellulosic thermoplastic lami- 
nates were shown by the Hercules 
Powder Company and the Celanese 
Plastics Corporation. These materials, 
which are extremely tough and can 
take a deep draw, are intended for use 
in automotive parts and luggage. 


Technical Sessions 


The S.P.I. technical sessions held at 
the Stevens Hotel were well attended 
by audiences that included many foreign 
engineers. A new material, continuous 
sheeting of cellulose acetate in trans- 


lucent and opaque colors, was de- 
scribed by Mr. R. G. O'Kane of the 
Monsanto Chemical Company. The 


compound forming of acrylic sheets was 
explained by Mr. W. W. Farr and Dr. 
O. L. Pierson of the Rohm and Haas 


Company. How to fabricate ethyl cel- 
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lulose sheeting was explained by Mr. 
F. C. Dulmage of the Dow Chemical 
Company. 

In the extrusion session, Mr. Paul 
Moiller demonstrated the proper de- 
sign of an extruder for dry extrusion 
of thermoplastics. Factors in poly- 
ethylene extrusion were described by 
Mr. G. G. Himmler of the Bakelite 
Corporation. 

Paul D. Zottu, winner of last year's 
Hyatt Award, spoke on "New Develop- 
ments in High-Frequency Sealing of 
Plastics Films". Mr. Zottu revealed 
that experimentally he had been able 
to heat-seal polyethylene by high-fre- 
quency methods, which had been im- 
possible previously because of the ex- 
cellent electrical characteristics of poly- 
ethylene sheet materials. 


Corrosion Authorities Receive 
N. A. C. E. Awards 


Two EMINENT RESEARCH AUTHORITIES, 
Dr. Willis R. Whitney and Dr. Frank 
N. Speller, were named first recipients 
of the newly established awards of the 
National Association of Corrosion Engi- 
neers for their outstanding contribu- 
tions to the science of corrosion and 
corrosion engineering, at the Associa- 
tion’s Annual Conference in Chicago. 
F. J. McElhatton, President of the As- 
sociation, announced that the awards 
will be known as the Willis Rodney 
Whitney Award in the Science of Cor- 
rosion and the Frank Newman Speller 





Award in Corrosion Engineering, 
named in honor of their first recipients. 
He added that they will be awarded 
annually in recognition of outstanding 
contributions in science and engineering 
as pertaining to the field of corrosion 
prevention and protection. 

Dr. Whitney was honored for his 
fundamental work in the field of cor- 
rosion through his establishment of the 
electrochemical theory in corrosion. Dr. 
Speller's award was for his application 
of fundamental studies to practical engi- 
neering problems. 


Southern Industries 
Exhibit New Products 


INCREASED TEMPO of the South's in- 
dustrialization program was indicated 
bv the large and eager crowds which 
packed Atlanta's city auditorium April 
14 to 17 for the second annual Southern 
Machinery and Metals Exposition. 
More than 150 leading manufacturers 
displayed the latest in productive equip- 
ment and new products. 

Ford and Chevrolet displayed about 
150 of the more than 2,000 items which 
the two concerns would like southern 
manufacturers to produce for the as- 
sembly plants near Atlanta. Many large 
and small manufacturers held confer- 
ences with purchasing executives of the 
two motor makers to present an out- 
line of productive equipment to make 
parts. The number of inquiries indi- 
cated that Ford and Chevrolet can ex- 
pect local manufacture of many im- 
portant components. 

Of great interest were the large 
number of new products shown for the 
first time, and the intense interest in 
new styles of equipment. Taylor-Win- 
field Corp., Warren, O., displayed its 
new roller anti-friction welding head 
with electronic controls; Reeves Pulley 
Co., Columbus, O., showed its new vari- 
speed motor drive with hydraul'c con- 
trol. A new plug seat throttling valve 
featured the Jenkins display, in addition 
to the Jenkins bronze gate valve with 
rolled-in Monel seat rings. Allied 
Welding & Manufacturing Co., Or 
lando, Fla., exhibited its hydraulic 
drum truck for 55-gallon drums, which 
is equipped with a 17/4 ton hydraulic 
jack. Kennametal, Inc., Latrobe, Pa. 
introduced its style RG and LG 
clamped-in solid carbide blades for 
grooving and cutting and its style R5 
round blades. Eutectic Welding Alloys 
Co. New York, showed its Nos. 06 
and 67 "Low Temp" electrodes. 

The exposition was three times the 
size of that held a year ago, and at 
tendance was in the same proportion. 
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MEETINGS 


June 9-13 

American Institute of Electrical En- 
gineers—Summer Meeting, Montreal, 
Quebec. 
June 12-13 

American Society of Mechanical En- 
gineers—W ood Industries Meeting, 
Madison, Wis. 
June 15-19 

American Society of Mechanical En- 
gineers—Semi-Annual Meeting, Hotel 
Stevens, Chicago, Ill. 
June 16-20 

American Society for Testing Mate- 
rials— Annual Meeting, Chalfonte-Had- 
don Hall, Atlantic City, N. J. 
June 23-25 

American Society of Mechanical En- 
gineers— Applied Mechanics Division, 
Schenectady, N. Y. 
June 23-27 

American Electroplaters’ Society— 
Industrial Finishing Exposition, Con- 
vention Hall, Detroit, Mich. 
July 11-20 

United Inventors and Scientists of 
America—W orld Inventors Exposition, 
Pan Pacific Auditorium, Los Angeles. 
June 23-27 

American Standards Association- 
Seminar on industrial standardization, 
Engineering Societies Building, 29 W. 
39th St., New York, N. Y. 
August 15-September 14 

Canadian Mathematical Congress— 
Summer seminar, University of Tor- 
onto, Toronto, Canada. 
August 21-22 

Society of Automotive Engineers— 
West Coast Transportation and Main- 
tenance Meeting, Biltmore Hotel, Los 
Angeles, Cal. 
August 25-28 

National Association of Power En- 
gineers—Hotel Statler, Boston, Mass. 
August 28-September 13 

British Engineers’ Association—En- 
gineering and Marine Exhibition, 
Olympia Bldg., London, England. 





Twenty Technical Sessions 
At A.S.T.M. Annual Meeting 


IN ADDITION to the 20 formal technical 
sessions which are part of the technical 
Program for the annual meeting of 
the American Society for Testing Mate- 
rials at Chalfonte-Haddon Hall in At- 
lantic City, June 16 to 20, there will be 
more than 250 committee meetings. 
More than 150 technical papers and 
reports by the country's leading author- : 
ities in the field of materials are sched- 
uled, many of them being presented in 
Connection with symposiums. On Tues- 
day morning June 17, there will be a 
Symposium on Methods of Determin- 
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ing Air Entrainment in Concrete and 
in the afternoon a Symposium on In- 
sulating Oil will be held. On Wednes- 
day afternoon, the eighteenth, there 
will be the Symposium on Synthetic 
Lubricants, and the Edgar Marburg 
Lecture will be presented by Prof. 
W. C. Voss of M.I.T. on "Engineering 
Laminates." 

Another symposium to be held Thurs- 
day morning, June 19, will cover Rub- 
ber Testing, and there will be a Round 
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Table Discussion on Water Formed 
Deposits on Thursday evening, and one 
on Speed of Testing on Wednesday. 

Several other sessions of the meeting 
will cover Plastic Deformation of Met- 
als (Thursday morning); Fatigue of 
Metals (Friday morning), Plastics and 
Wood (Friday afternoon), Electrode- 
posited Coating and Metal Polishes 
(Wednesday morning), Cement and 
Concrete (Tuesday evening), and Steel 
(Thursday afternoon). 





DISCUSSIONS AND COMMENTS FROM 


READERS 





Product Identification 
Correction 


The industrial towing tractor illus- 
trated on page 102 of the March 1947 
issue of PRODUCT ENGINEERING is man- 
ufactured by Clark Tructractor, Battle 
Creek, Mich. The magnesium hand 
truck illustrated on this same page is 
made by the Magnelux Manufacturing 
Company, Los Angeles, Calif. 


Corrections in April 
Plastics Insert 


To the Editor: 

In the special plastics section of your 
April number, there appears on the last 
page an article headed “Large-Sized 
Injection Moldings”. I wish to direct 
your attention to the failure of the 
article to tell the whole story, thereby 
possibly misleading your readers. 

The captioned picture accompanying 
the article mentions a 16 oz. injection 
molding press, the reader getting the 
impression that this is the largest size 
injection molding press made. Three 
companies are mentioned in the text, 
all of them reputable manufacturers of 
molding machines, but none of them 
producing a machine of 32 oz. capacity, 
such as the Lester-Phoenix 314-32. 
Even our worthy competitors, Reed- 
Prentice, were omitted from the list 
of machine manufacturers, although 
they produce a 22 oz. machine. 

As a matter of general information, 
two Lester 32 oz. machines have been 
installed at the plastics plant of 
the General American Transportation 
Corporation at East Chicago, Indiana, 
and one of these is already in use. 


—ELMER C. MAYWALD 
Lester-Phoenix Incorporated 

To the Editor: 
The plastics supplement appearing in 
the April issue of Propuct ENGINEER- 
ING is attractive and a good job, but 


the fact that the work of Durez Plas- 
tics & Chemicals, Inc. was entirely 
overlooked by your editor has certainly 
disturbed us. For example, the molded 
pulp-resins which you covered on page 
25, was developed by Durez chemists 
in cooperation with the Keyes Fibre 
Company staff and, until the recent 
shortage of materials, contained resins 
that were 100 percent Durez. Also, 
Durez has had many other develop- 
mehts which certainly should have been 
mentioned in that insert. 


—H. S. SPENCER 
Durez Plastics & Chemicals, Inc. 


"Unionization of the 
Engineering Profession" 


To the Editor: 


Your editorial in the February issue 
of Product Engineering relative to 
unionization of engineers intrigues me. 
This is a topic that has been on the 
minds of many engineers and I believe 
is deserving of a thorough airing. 

Many designers and engineers who 
have been approached on this subject 
feel the definite necessity for some form 
of organization. However, they also 
feel that it should not be affiliated with 
the CIO nor should it be dominated by 
the A.S.M.E., but rather be a self 
governed society with a code of ethics 
similar to that of physicians and at- 
torneys, wherein each member respects 
the abilities and special endowments of 
his fellows. Also, a requisite to mem- 
bership in the organization is ability; 
this ability would be determined by 
direct examination. Further, there 
should be classifications or grades, each 
advancement carrying greater respon- 
sibility. By such grading the employer 
is also protected from hiring inferior 
help at greater salaries than more highly 
skilled men. 

Another requisite would be that the 
engineer be looked on by the employer 
as a professional man and given recog- 
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nition for his accomplishments rather 
than treated as merely another hourly 
wage earner to be exploited to the full 
extent of his endurance. 

My personal opinion is that such a 
national organization or society would 
be a boon to the profession and would 
bring engineers together with a fra- 
ternal feeling, to the mutual benefit of 


employer and emplovee. —W.A.G. 
lo the Editor: 
Regardless of what activity along 


this line may be called, even though 
it is referred to euphemistically as 
group action on the economic status of 
engineers, any organization designed 
for collective action on the economic 
status of engineers would be purely and 
simply unionization; and regardless of 
how it were handled it would inevitably 
result in racketeering and become de- 
grading to the individuals affected. 

The primary object of any group ac- 
tion of the nature considered is to hold 
down the competent, the enterprising 
and the ingenious for the benefit of the 
inefficient, stupid and lazy. Unioniza- 
tion can have no other objective. Any 
competent engineer can always find a 
satisfactory market for his services with 
remuneration entirely dependent on his 
ability and experience. 

Engineering is not an assembly line 
level activity and there is no possibility 
of establishing remuneration ranges into 
which a large number of engineers could 
fit with full justice to the more brilliant 
and more enterprising members of the 
profession. 

If the subject of unionization ever 
comes to the attention of the great ma- 
jority of engineers of he country the 
writer is confident that it will be re- 
jected wholeheartedly and without res- 


ervation —SHERMAN C. HETH 





Plan for a Comprehensive 
National Engineering Society 


To the Editor: 

In response to your editorial in the 
February issue of Product Engineering, 
“Unionization of the Engineering Pro- 
fession", I wish to offer, for comment 
and discussion, a simplified plan for the 
creation. of a comprehensive national 
engineering society. The proposed or- 
ganization could fill a pressing need of 
both the public and the engineering pro- 
that of dealing with problems 
of an economic, legislative and educa- 
tional nature. —J. G. HENDERSON 


fession 


Editor's Note: Mr. Henderson’s plan 
and organization chart are reprinted at 
the right. 
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A Pian for the Creation of a Comprehensive 
National Engineering Society 


Basic OGANIZATIONAL OUTLINE 





i 


In the following, “Society” shall be interpreted as meaning any engineering association, institute, 
or society, other than the National Society; "National Society”, The National Society of Profes- 
sional Engineers, or such other name for a national society as may be adopted. 


1. Professional Membership in any Society shall be restricted to Registered Professional Engineers, 
licensed under the laws of the several states. 


2. An individual may maintain Professional Membership in but one Society, although memberships 
of other classifications may be maintained in more than one Society. 


3. All Professional Members of the several Societies automatically shall become members of the 
National Society, and of the State Society of Professional Engineers in the state in which official 
residence or place of business is maintained, option remaining with the Professional Member 
where residence and business are not in the same state 


4. Dues for each Professional Member of the several Societies shall be collected by the Society 
in which Professional Membership is maintained, and forwarded to the National Society. The 
amount of such dues shall be fixed by the National Society, and shall be uniform within and 
between the several Societies. National Society dues shall be paid concurrently with annual Society 
dues. Where Professional Membership is maintained in a Society other than a State Society of 
Professional Engineers, a fixed amount of the dues collected from each Professional Member shall 
be paid by the National Society to the State Society of Professional Engineers existent in the 
state in which the Professional Member maintains official residence or place of business, option 
remaining with the Professional Member where residence and business are not in the same state. 
The fixed amount shall be by agreement between the several State Societies of Professional 
Engineers and the National Society, and shall be uniform 


5. All executive officers of Societies at national, state and local levels, shall be Professional 
Members. 


6. The Constitution and the By Laws of the National Society shall be based upon unqualified 
democratic principles; control of the National Society shall be vested in the Professional Members 
of the several Societies, such Professional Members having individual or collective voting power 
equally prorated throughout the Professional Membership. 


7. The National Society’s existence and the conduct of its affairs primarily shall be in the 
interests of the Engineering Profession and the Public. 


The changes necessary to effect this organization are the enactment of amendments to the Constitu- 
tions and the By Laws of the several Societies to provide for Professional Member classifications, 
for the collection of dues to the National Society, and for the election of their executive officers 
from among their Professional Members. 





PROBABLE DISTRIBUTION OF PROFESSIONAL MEMBERS 


(EsrIMATED—1946) 
TECHNICAL PROFESSIONAL TECHNICAL 
A. ChE EST 
ép Zr SOCIETIES OF THE 


SEVERAL STATES 


50,000 MEMBERS - 
ALL CLASSES 


6,000 MEMBERS- 
ALL CLASSES 


13,000 MEMBERS- 
ALL CLASSES 
















27,000 MEMBERS- 
ALL CLASSES 


PROFESSIONAL [12,000] 
MENBERS 
JUNIOR MENBERS 
ASSOCIATES 


21,000 MEMBERS- 
ALL CLASSES 








ALL OTHER 


30,000 MEMBERS - 












12,000 MEMBERS- 
ALL CLASSES 


PROFESSIONAL | 4,000 


21,000 MEMBERS- 
ALL CLASSES 


10,000 








ALL CLASSES 
PROFESSIONAL 
MEMBERS 
JUNIOR MEMBERS 
ASSOCIATES 
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STAINLESS STEEL FOR SPRINGS — Il 


HAROLD C. R. CARLSON 


Chief Engineer, The Chas. Fischer Spring Company 


Conclusion of a two-part article containing general data on stainless steel. Part |, May number, 


explained types of stainless steels used for springs and presented tables of chemical compositions, 


tensile strengths and physical properties, and gave information on welding, brazing, soldering. This 


article covers allowable working stresses, commercial tolerances, heat-treatments, current prices 


ALLOWABLE WORKING STRESSES. 
Stress values used in the design of 
springs of a given material depend 
upon such qualifications as type of 
springs, temperature, ratio of spring 
diameter to wire diameter, rapidity 
and regularity of deflections, shock 
loads, wire size and stress range. The 
values indicated in Table V apply to 
springs not subjected to high tempera- 
tures, shock loads, or other unusual 
conditions. The three values given 
for each material, based upon light, 
average and have 
proved effective for long periods of 
service with normal spring applica- 
tions. 

When designing springs that will 
be required to give good dependable 
service, the stresses should be calcu- 
lated by the conventional formula 
that includes the curvature correction 
(Wahl) factor based upon the spring 
index. The maximum stress thus cal- 
culated should not exceed the allow- 
able stress as listed in Table V for the 
given type of service. 

The fatigue life of a spring is con- 
sidered “infinite” if the spring will 
withstand 10,000,000 cycles of deflec- 
tion; “long” if it will withstand be- 
tween 1,000,000 and 10,000,000; 
“average” if between 100,000 and 
1,000,000 ; short" if between 10,000 
and 100,000 cycles. Highly stressed 
springs will usually sustain at least 
1,000 deflections before fracture. 

Severe service covers those applica- 
tions in which springs are subjected 
to rapid deflections over long periods 
of time, as in automobile valves, engine 
valves and pneumatic hammers. Aver- 
age service applies to normal frequency 
of deflections such as in brakes, motors, 
machine tools and switches. Light 


severe service, 
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and other data useful in determining the proper type of stainless steel for spring applications. 


service distinguishes springs that are 
statically loaded or are subjected to 
less than 10,000 slow, intermittent de- 
flections during their lifetime, such as 
in safety devices, emergency equipment 
and other infrequently used springs. 
The allowable stress values shown 
in Table V are for general guidance 
only. Special applications involving 
conditions other than normal require 
special attention and analysis. 


The 
18-8, 


[NTERGRANULAR CORROSION. 
austenitic chromium nickel, 


stainless steels, when subjected to heat, 
in an oven or as in welding or braz- 
ing, in the temperature range between 
800 deg. F. and 1,400 deg. F., tend 
to precipitate carbon to the grain 
boundaries. This forms a path for 
corrosion between the grains, and de- 
struction of the metal soon follows. 
The addition of columbium or titan- 
ium minimizes this danger. These 
elements have a strong affinity for 
carbon and form carbides which re- 
main universally dispersed throughout 
the steel. Water quenching after heat- 





Table V—Moduli of Elasticity and Allowable Working Stresses for Stainless Steel 


Allowable Stresses, lb. per sq. in. 








Type of Modulus of 
Stainless Elasticity | | For Flat, 
Steel E = Tension Type For | For Torsion, 
G = Torsion of Com- | Extension | Cantilever 
Service pression | Springs and 
Springs | | Clock Type 
| | 
Light 70,000 | 65,000 | 125,000 
Chromium-Nickel ————— 
l'ypes 302 and 304 E — 26,500,000 | Average 60,000 55,000 110,000 
* 18-8" G = 10,000,000 r 
and Type 316 Severe 50,000 45,000 90,000 
Light 67,000 60,000 120,000 
Straight ————-- — 
Chromium E = 28,500,000 | Average 57 ,000 50,000 105,000 
[ype 414 and 420 G = 10,500,000 (a — ———- 
Severe 45,000 40,000 85,000 
E — Used for springs subjected to tensile stresses caused by bending, such as torsion, fat, 
cantilever, clock and power springs. 
G — Used for springs subjected to torsional stresses, such as compression and extension 
springs and rods used in torsion. 
a. All stresses may be increased 20 percent for wire diameters under 0.020 in., and 


increased 10 percent for wire diameters between 0.020 in. and 0.057 in. 

b. For suddenly applied loads, the stresses should be reduced 50 percent. 

c. For elevated temperatures from 350 deg. to 450 deg. F., the stresses should be reduced 
10 percent, from 450 deg. to 550 deg. F., reduced 20 percent. 

d. The stress values shown assume the inclusion of the Wahl curvature correction 


factor in the design formula for springs for average and severe service. 


[he factor 


is infrequently used for static loading and for light service. 


MÀ M MÀ ———Á———— M —— Ó—— À MÀ e— 
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ing also reduces carbon precipitation. 
The straight chromium steels are not 
subject to carbide precipitation. 
HYDROGEN EMBRITTLEMENT. Practi- 
cally all steels become embrittled by 
contact with an acid such as muriatic 
or sulphuric acid. The adsorption of 
hydrogen by the steel results in inter- 
ference with the slip that ordinarily 
occurs between the grains when a 
member is subjected to deflection. This 
embrittlement is more pronounced on 
the high carbon and hardened steels 
and to a lesser amount on stainless 
The brittleness can be removed 
—provided it is done before serious 
damage occurs to the grain structure 
—by heating the steel to a tempera- 
ture of 375 deg. F. to 400 deg. F., for 
30 to 60 min. This should be done 
as soon as practicable after the steel 
has been in contact with such acids. 
Nitric acid used for passivating does 
not cause embrittlement. 


steels. 


GALVANIc Corrosion. The destruc- 
tive change of metals in the process of 
corrosion results from an electrochem- 
ical reaction. The corroding metal be- 
comes an anode and the corrosive 
media serves as a cathode. Accelerated 
two different 
metals touching each other in media 
capable of carrying 
electric current. This causes a gal- 
vanic voltage which accelerates corro- 
sion of one of the metals and protects 
the other metal. Stainless steel has 
more corrosion resistance when in con- 
tact with aluminum, cadmium, iron, 
steel and zinc than it has when in con- 
graphite, lead 


corrosion is caused by 


or surroundings 


tact with brass, copper, 
and nickel. 

PEENING. The process of shot 
peening is one of the greatest advances 
in the spring industry because it in- 


SHOT 


creases the fatigue life of highly 
stressed springs. This process, fre- 


quently called shot-blasting, consis 

of peppering the surface of sprin; 

with small round steel shot abou. 
0.015 in. or larger in diameter. The 
shot, hurled with tremendous force 
by compressed air or by centrifugal 
force, not only cleans the surface and 
hammers smooth the minute surface 
irregularities, but also develops com- 
pressive stresses, called prestresses, in 
the outer surface layers of the springs. 
The working tensile stress will then 
be the tensile stress developed by the 
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Table Vi—Commercial Tolerances on Stainless Steel Wire 


Round Wire 





Diameter, in. Tolerance, in. 








| 


Tolerance on Thickness and Width, in. 











Square and Rectangular Wire 





Up to 0.025 + 0.000-0.0005 | Thickness Tolerance Width Tolerance 
0.026 to 0.032 + 0.000-0.001 — Ane ene M Pp ME dtM MEINEM MO 
0.033 to 0.090 4- 0.000-0.002 Up to 3/8 +0.007 Up to 1 +0.016 
0.091 to 0.1 180 + 0.000-0.003 2 om a e 

Up to 3/8 +0.010 VIS +0.023 
| to 


_ Some wire drawing companies prefer to hold round wire tolerances to plus or minus 0.0005 
in. on round wires up to 1/16 in. diameter, and to plus or minus 0.001 in. on larger sizes. 





Tolerance on 


Thickness "Thickness 
Inches (In widths 
up to 3 in.) 
Up to 0.025 +0.001 
0.026 to 0.034 +0.0015 
0.035 to 0.187 +0 .002 


Table Vil—Commercial Tolerances on Stainless Steel Strip 


Tolerance on 


Width Width 
Inches (In thickness 
up to 0.125 in.) 
+0.005 with 
Up to 5 rolled edges 
+0.008 with 


slit edges filed 





Table Wille-dvesege 7 Price of statehone Steel Spring Wire 1947 Prices 


| 

ye . . | 
Wire Diameter, in. | 
| 


Quantity in Ib. 


Price per lb. in cents 


| 
naaa AAA 
| 


0.015 to 0.031 | 20 to 40 90 to 95 
0.032 to 0.062 | 40 to 60 80 to 90 
0.063 to 0.125 60 to 75 70 to 80 
0.126 to 0.250 | 75 to 100 60 to 70 


The smaller the wire diameter, or the smaller the quantity, he higher the price. 


Te n 


pounds of 0.010 in. diameter may be priced as high as $1.50 per pound. Ordering large 
quantities of wire, particularly in ton lots or larger, reduces the price considerably. 





load less the compressive prestress, 
thus reducing the working stress and 
thereby lengthening the life of the 
springs. An increase in life up to 
1,000 percent is not unusual. 

Some authorities maintain that shot 
peening should not be done to stain- 
less steel because minute particles of 
the steel shot might adhere and cause 
spots of rust. The additional benefit 

* 'onger spring life, however, war- 
.ants the use of shot peening and the 
extra operation of cleaning and pas- 
sivating to prevent rusting. Shot made 
from stainless steel has been used suc- 
cessfully, but it is not readily avail- 
able at this time. Highly stressed 
springs of stainless steel that have been 
shot peened are now being used suc- 
cessfully throughout the country. 


PacK-HARDENING. Although it is 
possible to obtain a higher surface 
hardness on stainless steel by pack- 





hardening or carburizing, this process 
is not generally endorsed because the 


carbon added to the surface destroys 


most of the stainless properties of the 
steel. Pack-hardening, particularly on 
the non-hardenable types of stainless 
steel, is a — m should al- 
ways be ignored. 
been obtained by using nitrogen as 
the hardening element, but even ni- 
tride hardening will cause some reduc- 
tion in corrosion resisting properties. 


Heat-treating 
much 


H EAT- TREATMENT. 
stainless steels does not differ 
in general from the methods used in 
the heat-treatment of other steels. The 
conventional type of gas-fired or elec- 
tric furnace is*often used, although 
hardening may also be done in salt 
baths and in induction furnaces. In 
gas-fired furnaces care should be taken 
that the material is not exposed to the 
direct flame from the burners, thus 
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avoiding decarburization. In salt 
bath furnaces the commonly used types 
of salts are satisfactory, but in no case 
should cyanide be used as this would 
cause carburization of the stainless 
steel thereby impairing its corrosion 
resistance. Atmospheric type furnaces 
using manufactured atmospheres for 
ordinary carbon steels should not be 
employed for heat-treating stainless 
steel, as these atmospheres might pro- 
duce a scale that is difficult to remove 
from the stainless steel. It is possible, 
however, to use dry cracked ammonia 
or dry hydrogen. 


ANNEALING. Type 414 can be proc- 
ess annealed in preparation for severe 
forming operations by heating to 1,250 
deg. F. for four hours and air cooling. 
This type does not fully anneal by 
slow cooling methods. 

Type 420 is process annealed at 
1,420 deg. F. for three hours. Full 
annealing is acquired by heating to 
1,650 deg. F. for one hour and reduc- 
ing the temperature 25 to 50 deg. F. 
per hour until 1,100 deg. F. is reached, 
and then cooling in air, oil or water. 

Types 302, 304 and 316 can be an- 
nealed by heating to 1,850 deg. F. for 
15 to 30 min. These types should al- 
ways be water quenched after heating 


to keep the carbides in solution, thus 
preventing intergranular corrosion and 
embrittlement. Water quenching will 
not reharden these types. 


HARDENING. Types 414 and 420 are 
the only stainless steels in general use 
for springs that are capable of being 
hardened by heat-treatment. These 
types are rather sluggish in hardening 
and should be soaked slightly longer 
at the hardening temperature than 
other types of steels. It is good prac- 
tice to soak Types 414 and 420 at 
least 20 min. per in. of thickness after 
they have reached the proper harden- 
ing temperature. Both these steels 
should be quenched in warm oil, up 
to 250 deg. F. Type 414 is best hard- 
ened at 1,825 deg. to 1,850 deg. F. 
hardening temperature. 

Type 420 is more difficult to heat- 
treat properly than most of the other 
stainless steels. This material should 
be put into a hardening oven having a 
temperature of approximately 1,000 
deg. F, and the temperature should be 
raised slowly to 1,450 deg. F, and then 
brought up to the proper hardening 
temperature, between 1,825 to 1,850 
deg. F. The material should always 
be quenched in warm oil and then 
stress relieved or tempered imme- 


SSD 
Table IX—Material Specification Numbers for Stainless Steel 








Chromium Nickel Austenitic | 





| 


Straight Chromium 





























Specification 2 | | | Tyee 2 
Ty pe Type Type | T. pe T: pe | 430 
302 304 316 414 420 Non- 
“18-8” *18-8" 18-12- Mo." Hardenable | Hardenable |hardenable 
SAE 30915 30905 30805 51210 | 51335 | 51710 
ASTM Al77-44 | ——— — | ——— — ne 
(STRIP) 

US Army —— 48-37 — | —— e -— 
US Navy 46S18 46S18 47821 46518 46S18 46818 
| 22W13 | 

Joint AN-QQ-S| ——— |AN-W-23(| 10080 | — —— | —- 
\rmy Navy 771 | | 
Aero. Mat.Spec.| 5515 & | ——— | seoa | 565A | ——— | —— 
AMS (SAE)| 5688A | | 
US Federal |QO-S-763|Q0-S-763| QQ-776 | ——— | QQ-S-763 | QQ-S-763 
QQ-S-776 | QQ-S-772 | | | 
| | 








U. S. Navy Spec. 22-W-13. 


When listing specifications always state “to latest revision.” 
Revision letters are not indicated in the table 


follow last numeral such as 22W13c, etc. 
because they change frequently. 


.l. This specification supersedes AN-W-423 and 


replaces U. S. Army Spec. 48-37 and 


Revision letters ordinarily 


Some specifications such as U. S. Navy Spec. 46518 and others are general specifications 
covering several materials; others listed contain chemical compositions only. 


:—————————————————————————— 
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diately following the quenching proc- 
ess. Under no condition, if hardening 
cracks are to be avoided, should the 
material be allowed to remain fully 
hardened for any length of time. The 
Rockwell hardness after quenching 
and in the hardened condition is C50 
to C54. After quenching, the material 
should be drawn at a temperature of 
450 to 700 deg. F. in order to obtain 
the proper hardness for springs. Rock- 
well C46 to C51 should be the final 
hardness. 

The chromium nickel austenitic 
18-8 types cannot be hardened by heat- 
treatment. 


CLEANING. Heat-treating scale can 
be removed after tempering by im- 
mersing the parts in a solution of 50 
percent muriatic (hydrochloric) acid 
and 50 percent water. The solution 
should be heated to 140 to 150 deg. F. 
The temperature range is important. 
The springs should then be washed 
in clean running water and dipped in 
a 20 percent nitric acid solution, either 
warm or cold, and rinsed in hot water. 
Reheating to 375 to 400 deg. F. be- 
fore dipping in the nitric acid solution 
will relieve hydrogen embrittlement 
caused by acid dipping. 
Electropolishing to clean 
brighten the surface is the reverse of 
electroplating. Standard electroplat- 


and 


. ing lead lined tanks are generally used 


and the work is made anode instead of 
cathode. A thin layer 0.0005 in. to 
0.001 in. in thickness is removed from 
the surface of the steel in about 5 to 
10 min., leaving a clean bright surface. 

Shotblasting will clean the surface 
than most other 


faster and easier 
methods. 

A bright finish is produced by tum- 
bling with No. 1 burnishing balls in 
soft water and white soap for several 
hours. 

Greases and oils are speedily re- 
moved in vapor degreasers using tri- 
chlor-ethylene. Organic solvents such 
as kerosene, gasoline, and carbon-tetra- 
chloride are useful for washing the 
steel and for removing surface dirt. 


PRICE-—Stainless steel wire for gen- 
eral spring requirements is usually pur- 
chased in small lots up to 100 lb., but 
larger orders for a ton or more for 
special applications are not rare. Al- 
though the use of stainless steel is 
steadily increasing, the present de- 
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Table X—Summary of Application Data for Stainless Steels 


Type 


Type 302 
SAE 30915 
“18-8” 
Chromium-Nickel 


Type 304 
SAE 30905 
“18-8” 
Chromium-Nickel 


Type 316 
SAE 30805 
* 18-12-Mo." 
Chromium-Nickel- 
Molybdenum 


Type 414 
SAE 51210 


Chromium Type 


Type 420 
SAE 51335 
Chromium Type 


Type 430 


Application 





Specific 


Has the highest tensile strength of the austenitic alloys 
Best for highly stressed springs. Is not to be used with 
small spring indexes under five or for strip with sharp 
bends. 


Frequently recommended for general use. Has excellent 


bending properties in both wire and strip forms. 


Principally used in severe sulphurous surroundings and 
for U. S. Army and Navy aeronautical supplies. Meets 
specification number AN-W-23. 


Particularly useful as hard rolled strip for stampings 


and flat springs that require no further heat-treatment. 
Also obtainable annealed for severe forming operations 
in both wire and strip and then hardened and tempered. 


Most commonly used chromium stainless steel for springs 


with wire diameters over 3/16 in. This steel is not 


stainless until heat-treated. 


Used principally for conveyor screws for carrying coal 


These three austenitic alloys may be used interchange- 
ably for general spring applications. Mostly used for 
springs with wire diameters up to 3/16 in. and for hard 
rolled strip. Suitable for elevated temperatures up to 
550 deg. F. and for sub-zero temperatures also. Non- 
hardenable by heat-treatment; slightly magnetic if cold 
worked. Excellent corrosion resistance. 


These two types may be used interchangeably for general 
spring applications. Mostly used for springs with wire 
diameters over 3/16" and in smaller sizes for springs 
with small indexes. Suitable for elevated temperatures 
up to 550 deg. F. but not for sub-zero temperatures. 
Generally formed in the annealed state and then 
hardened and tempered. These types are magnetic. 





This non-hardenable material has excellent ductility and 


SAE 51710 


Chromium Type | 


in small home-type stokers. 


Not used for springs. 


welded. 


corrosion resistance. 


It is magnetic and may be readily 


ŘE 


mand does not warrant stocking large 
quantities in all sizes. Most spring 
manufacturers, however, carry in stock 
small lots of frequently used sizes. 


CoNcLusioN. Although this article 
presents sufficient data to enable engi- 
neers and designers to specify the exact 
type of stainless steel for practically 
any spring application, the relative 
availability of the various types should 


be taken into consideration. The types 
described are commercially standard, 
but all sizes may not be in stock in 
each type. For this reason, and be- 
cause alternative types may be used 
for nearly all applications and because 
new improved types are continually 
being developed, it is strongly recom- 
mended that designers leave the final 
choice of type directly up to the spring 
manufacturer. Reputable spring man- 


ufacturing companies are loathe to use 
inferior materials; they would much 
prefer using the best materials avail- 
able for they know that spring failure, 
regardless of cause, is usually con- 
sidered to be the fault of the spring 
manufacturer. “To assure optimum 
service, advise the spring manufac- 
turer of the operating conditions under 
which the spring must work and 
specify simply as “Stainless Steel.” 


Resistance Strain Gages for Rapid Changes 


ACCURATE MEASUREMENT of rapidly 
changing dimensions caused by stresses 
in structures of all kinds is possible 
with a new type strain indicator de- 
veloped at the U.S. Navy’s David 
W. Taylor Model Basin, Washing- 
ton, D. C., according to a report for 
sale by the Office of Technical Serv- 
ices, U. S. Department of Commerce. 
The report was prepared by George 
W. Cook, chief supervisor of the elec- 
tronics section of the Model Basin. 
Using this carrier-type strain indi- 
cator, the report states, an impressive 
array of complicated strain measure- 
ments has been made, many of them in 
field tests under difficult conditions. 
Turret structures and gun founda- 


156 


tions have been tested during elevat- 
ing operations. Strains have been 
recorded in model landing craft dur- 
ing bleaching operations. Other de- 
terminations include measurement of 
the towing capacity of marine tugs, 
recoil acceleration in naval gun mech- 
anisms, blast pressure in connection 
with launching aerial rockets, and 
measurement of the steady and oscil- 
lating torque in drive shafts. 

By means of this strain indicator 
changes in length of a specimen as 
small as 8 millionths of an inch per 
inch can be recorded even though the 
changes occur at a rate of 200 per 
second. The carrier-type indicator 
greatly extends the useful application 


of the wire-resistance or “metalectric” 
strain gage, the report states. The 
metalectric gage, undoubtedly “the 
most important single contribution” 
in strain-measuring apparatus of the 
past decade, measures small varia- 
tions in length of test specimens vy 
means of variations in the electrical 
resistance of the gage. It is made in 
a variety of shapes and sizes. 

Orders for the report, “A Carrier- 
Type Strain Indicator,” (PB-57506; 
photostat, $3; microfilm, $1) should 
be addressed to the Office of Technical 
Services, U.S. Department of Com- 
merce, and should be accompanied 
by a check or money order, payable 
to the Treasurer of the United States. 
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Five Theories of Static Failure 


Explained and Compared 


CHARLES LIPSON 


Consulting Engineer 


The author, formerly head of the Stress Analysis Laboratory of the Chrysler Corporation and 


now an associate of the Detroit Testing Laboratory, explains the five theories of failure and 


how to select the right one and also gives a comparison of the results obtained by each theory. 


ONE of the causes of failure of parts 
is the application of the incorrect 
theory of failure in the design of the 
part. For instance, the part might 
have been designed to withstand maxi- 
mum tensile stress and yet it may have 
failed because of shear stress. Al- 
though there is no general agreement 
as to which of the five generally recog- 
nized theories of failure is the safest 
to use, some of these theories are com- 
monly accepted for brittle materials 
while others for ductile materials. The 
important consideration is that a clear 
understanding of the theories of failure 
facilitates the analysis of stress condi- 
tions and the design of the part. 

In general, one or all of the follow- 
ing forces will be found acting on a 
part: Tension, compression, shear, tor- 
sion, bending. Upon analyzing these 
forces we find that torsion is a pure 
shearing force, bending is a combi- 
nation of shear and tension or com- 
pression, and tension and compression 
are identical but opposite in sign. ‘Thus 
a complicated system of forces acting 
upon a body can usually be interpreted 
in terms of two stresses: (1) Tension, 
(2) shear. 

The question now arises: Which of 
these stresses causes failure? Is it the 
shear? Or tension? Or some other 
factor such as, for instance, strain? 
The answer to these questions will be 
found in the theories of failure dis- 
cussed below. 


Maximum Stress Theory 


The maximum stress theory, some- 
times called Rankine’s Theory, takes 
maximum stress as the criterion of 
failure. The theory states that failure 
takes place whenever one of the prin- 
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cipal stresses, irrespective of the others, 
reaches the value of the yield point 
as determined in a simple tensile test. 
According to this theory shear has 
no effect on failure, since when prin- 
cipal stresses are acting, the shear is 
zero. Thus, suppose a specimen, the 
yield point of which in tension is 
35,000 lb. per sq. in. and in compres- 
sion 45,000 lb. per sq. in., is subjected 
simultaneously to tension and compres- 
sion. Then according to this theory 
yielding will occur whenever a tensile 
stress reaches 35,000 Ib. per sq. in. or 
whenever a compressive stress reaches 
45,000 lb. per sq. in., whichever oc- 
curs first. Stated in more general 
terms, if a three dimensional element 
be subjected to three principal stresses 
Sz, Sy, S. yielding will be caused either 
by the maximum stress $, if it is 
tensile, or by the minimum stress $,, 
if it is compressive, but the interme- 
diate stress S, will have no effect on 
failure. 

Experimental evidence indicates 
that this theory applies to brittle ma- 
terials but not to ductile ones. 

Consider for example cast iron sub- 
jected to a simple tensile stress. 
Theory shows that the maximum 
tensile stress exists in a plane at right 
angles to the applied load and con- 
sequently the specimen should fail at 
right angles to the applied load, ir- 
respective of the shear stress diagonal 
to the load. This is found to be true 
in brittle materials. On the other 
hand, in ductile materials failure oc- 
curs in the form of a cone, indicating 
maximum shear as the cause. 

Another example proving the ap- 
plicability of the maximum shear 
theory to brittle materials is found in 


the reinforced concrete beam. When 
loaded at two points, L/3 from each 
end, failure occurs as follows: Under 
the point where the load is applied 
failure takes place on the diagonal; 
in the section between the two loads 
failure occurs in a vertical plane. In 
each case this checks with the direction 
of the principal plane. 

Thus the maximum stress theory 
appears to be applicable to brittle ma- 
terials but not to ductile ones. Another 
disadvantage of this theory is the 
fact that it does not take into ac- 
count the effect of stresses at right 
angles to the maximum stress. Con- 
sider for example a specimen the yield 
point of which in tension is 50,000 Ib. 
per sq. in. and in compression 65,000 
lb. per sq. in. According to the maxi- 
mum stress theory static failure will 
take place whenever the applied tensile 
stress reaches 50,000 lb. per sq. in. or 
when the applied compressive stress 
reaches 65,000 lb. per sq. in., which- 
ever reaches its critical value first. 
Thus tensile yielding should occur at 
50,000 Ib. per sq. in. under the follow- 
ing conditions: 

1. When the tensile stress is 50,000 
and compressive 60,000 lb. per sq. in. 

2. When the tensile stress is 50,000 
and compressive 30,000 lb. per sq. in. 

3. When the tensile stress is 50,000 
and compressive 3,000 lb. per sq. in. 

Experimental evidence indicates 
that in the last of these three condi- 
tions the specimen will yield in ten- 
sion but at a stress higher than 50,000 
lb. per sq. in. thus indicating that the 
maximum stress theory is not applic- 
able for the condition of two-dimen- 
sional stresses. 

Another disadvantage of the maxi- 
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Fig. |—Failure of a torsion loaded splined shaft showing the characteristic 
45 deg. cone fracture indicating tension failure caused by stress concentration. 


mum stress theory is its failure to ex- 
plain the behavior of both brittle and 
materials under hydrostatic 

Under hydrostatic pressure 
to compres- 
sive stresses and consequently failure 
should occur at right angles to the ap- 
plied loads. Actually, specimens sub- 
jected to a hydrostatic pressure from 
all sides do not fail at all. 


ductile 
pressure. 


the part is subjected 


Maximum Shear Theory 


The maximum shear theory is 
widely used by engineers. It states 
that failure takes place whenever the 
shear stress reaches the value of the 
shear at yielding in a simple tension 
test. This is known as Guest’s Law. 

The maximum shear theory can be 
applied satisfactorily to ductile mate- 
rials but not to brittle ones. Accord- 
ing to basic stress theory, in a specimen 
loaded in simple tension maximum 
shear occurs on a 45 deg. plane; ac- 
cording to the maximum shear theory 
failure should then occur in this plane. 
Experience shows that this is true for 
ductile materials, for a ductile speci- 
men will fail in a characteristic cone 
fracture, in a plane approximately 45 
deg. to the direction of loading. This 
theory however does not apply to 
brittle materials for a brittle specimen 
when subjected to a tensile load will 
fail in a transverse plane instead of 
on a 45 deg. diagonal. 

Similarly in torsion it will be found 
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that the maximum shear theory is 
applicable to ductile materials but not 
to brittle ones. General theory shows 
that a specimen subjected to torsional 
loads has maximum shear in a plane 
of the longitudinal axis of the spec- 
imen and in a plane transverse to it, 
while maximum tension is in a plane 
45 deg. to it. Thus according to the 
maximum shear theory we would ex- 
pect the specimen to fail in a longi- 
tudinal or in a transverse plane. Duc- 
tile materials do so, brittle ones do 
not. The latter fail in a 45 deg. 
diagonal plane. 

Torsional failures are of a partic- 
ular interest to the engineer because of 
a general misconception involved in 
the appearance of torsional cracks. It 
is quite common, for example, for an 
engineer presented with a transverse 
fracture in a cylindrical shaft to at- 
tribute the failure to a_ bending 
load because “torsion always produces 
helical breaks.” This misconception 
arises out of the common observation 
that manufactured members subjected 
to torsional loads, such as crankshafts 
for example, do fail on a diagonal. 
Crankshafts, however, are notched 
parts, on account of the presence of 
transverse oil holes, and the mode of 
failure in notched specimens is much 
affected by the state of stress produced 
by the notch. 

Apparently in ductile parts sub- 
jected to torsional loads, we are faced 
with two fundamentally different 








types of fracture: (1) Helical, in the 
direction of maximum tension, (2) 
transverse or axial, along the line of 
maximum shear. Attempts have been 
made in the past to explain these fail- 
ures in terms of hardness, softer mate- 
rials producing transverse or axial 
fractures, hard materials produced 
helical failures. Another explanation 
is in terms of freedom from inclusions, 
sound metals exhibiting the transverse 
and axial breaks. But neither interpre- 
tation can be accepted as a satisfactory 
criterion of torsional failure. 

The differentiation between these 
two types of failure can be effected by 
a consideration of the pertinent stress 
magnitudes and stress directions. If 
a part is weak in shear it will fail 
along the plane of maximum shear giv- 
ing a transverse or axial fracture, and 
if weak in tension it will fail in the 
direction of the maximum tensile 
stress causing a helical break. In a 
plain shaft, the maximum shearing 
stress is equal to the maximum tension 
and since ductile materials are weaker 
in shear, failure wiil occur trans- 
versely or axially. 

In a notched shaft, however, frac- 
ture will be of a different character. 
If a hole, such as an oil hole in a 
crankshaft, is drilled radially, the max- 
imum tensile stress may be four times 
the maximum shearing stress and 
since ductile materials are only twice 
as strong in tension as in shear, failure 
will occur in tension in a 45 deg. 
plane. 

Thus the maximum shear theory in 
contrast to the maximum stress theory 
appears to be applicabie to ductile ma- 
terials but not to brittle ones. It will 
also be recalled that the maximum 
stress theory failed to explain the rea- 
son why materials do not fail under 
a hydrostatic pressure. The maximum 
shear theory explains this satisfac- 
torily. When a specimen is subjected 
to a hydrostatic pressure, equal com- 
pressive forces are exerted on all sides 
and therefore, in accordance with gen- 
eral theory, the shear stresses are zero. 
According to the maximum shear 
theory if shear stresses are zero failure 
cannot take place. 


Maximum Strain Theory 


According to the maximum strain 
theory, often called Saint Venant’s 
Theory, yielding or fracture results 
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not from the maximum stress but from 
the maximum strain, and failure oc- 
curs whenever the maximum strain in 
the part reaches the strain equal to the 
strain at yield in a pure tension test. 

'There is experimental evidence in 
favor of this theory when applied to 
brittle materials such as porcelain and 
concrete. For example: 


1. Suppose that for a brittle mate- 
rial, such as porcelain, Poisson’s Ra- 
tio, ratio of lateral to axial strain 
for tension or compression, is %4 and 
that the ratio of tensile strength to 
compressive strength, and thus the 
ratio of the respective critical strains, 
is 14. The ratio of % indicates that 
a strain of 1 unit laterally or a strain 
of 5 units axially will cause failure. 
But the critical lateral strain, 1, will 
be reached first, because 1 is nearer 1 
than 4 is to 5, and the specimen ac- 
cording to this theory will fail in 
lateral tension by splitting lengthwise. 
Such failures have been observed in 
porcelain under compression. 
Similar failures have occurred in con- 
crete tested in compression when the 
compression heads were well lubri- 
cated to eliminate friction. When the 
heads were not lubricated failure oc- 
curred at an angle because of the 
lateral restraint at the specimen ends. 

2. Porcelain bars tested in tension 
were held in tapered grips. Failure 
occurred in the tapered section of the 
specimen rather than in the minimum 
sections. The reason was that the 
strain on the tapered section caused 


rods 


by combined tension and compression 
was greater than the strain at the mini- 
mum section caused only by tension. 

The above behavior of porcelain 
and concrete strongly supports the 
maximum strain theory. However ex- 
periments with hydrostatic pressure 
contradict this theory as well as ex- 
periments on biaxial tension. Thus a 
plate subjected to a biaxial tension 
should have a higher yield point than 
When subjected to simple tension be- 
cause the strain in each direction is 
reduced by the other tension. This is 
not supported by test evidence. 


Strain Energy Theory 


The strain energy theory states that 
à specimen will fail when the energy 
Per unit volume reaches the critical 
Value. 'This value is determined by 
tension experiments and it is the 
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energy per unit volume at which the 
material will fail in tension. Accord- 
ingly, if a specimen under any system 
of loads absorbs this amount of energy 
it will fail. The energy is given by 
the expression 

E = 1/2 stress X strain = 1/2 Se = 

S S 

This theory, however, is difficult to 
correlate with experimental observa- 
tions and thus is not readily applicable. 


The Constant Energy of Distortion 
Theory 


According to this theory, also re- 
ferred to as the Von Mises-Hencky 
Theory, static failure takes place when 

(S, man Sy)? + (Sy E s)* + 

(S, T" S:)? = 284; 
where S,, is the yield point in straight 
tension. 
For yielding in pure shear 


S, = 0 and S; = — S= S 

and substituting in above equation 
6S = 2S, 

or 
S = 0.577 Sy 


Experiments show that the yield 
point in pure shear, //,., is about 0.6 of 
the yield point in pure tension, $,,, 
which is in close agreement with 0.577 


derived from the constant energy of 
distortion theory, hence 

S= Vy 

Thus for ductile materials subjected 
to static load the above theory appears 
to check satisfactorily with experi- 
mental evidence. The theory seems to 
be also applicable to fatigue loading, 
particularly reverse torsion. 

Whenever high accuracy is of pri- 
mary consideration and the material 
is ductile the constant energy of dis- 
tortion theory is to be preferred to the 
otherwise satisfactory maximum shear 
theory. The maximum shear theory, 
however, is so simple to use that it is 
recommended for most problems. 


Comparison of Various Theories 


In Fig. 2 is shown a graphical com- 
parison of the five theories of failure, 
discussed above, for the case of fatigue 
loading. This is a plot made by H. F. 
Moore of the University of Illinois 
from data derived by H. J. Gough of 
the National Physical Laboratory, 
England. It will be noted that the 
maximum stress theory represents ad- 
equately the behavior of brittle mate- 
rials, such as cast iron, while the con- 
stant energy of distortion theory is 
applicable to ductile materials. 

The accompanying table is taken 
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Fig. 2— Comparison of the five theories of failure applied to fatigue loading. 
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from Seely's "Advanced Mechanics of 
Materials" to provide a more direct 
comparison between some of these 
theories of failure. 

It will be noted that calculated shaft 
diameters may differ by as much as 20 
percent depending upon the theory of 
failure used in calculation. In some 
other problems, however, the results 
do not differ appreciably from each 
other and the error involved in using 
one theory instead of another is not 
large. For this reason, and because 
of the simplicity and the long usage 
of the maximum stress and maximum 
shear theories, it is recommended that 
the first be used for brittle materials 
and the second for ductile ones. 


Fine 


FINE SILVER can be welded by the 
atomic-hydrogen, carbon-arc, or oxy- 
acetylene processes. The atomic-hy- 
drogen process is advantageous where 
difficulty may be encountered because 
of high oxygen absorbtivity. Carbon- 
arc welding requires the substitution of 
a pure graphite pencil for the usual 
carbon pencil, reduced current and 
slow progression. For general produc- 
tion work, the oxy-acetylene process 
is recommended using a small tip and 
reducing flame; and for filler metal, 
hard-drawn fine silver wire 1/16 or 
1/32 in. dia. in straight lengths since 
soft wire in coils is difficult to han- 
dle. No flux should be used because 
pure silver does not oxidize during 
normal welding operations. 

Some properties that affect, or that 
are incidental to, the fabricating of 
products of fine silver are given in the 
accompanying table. 

In handling and especially in bend- 
ing silver tubing for piping systems, 
care should be exercised to avoid 
scratching and abrading the soft, thin 
walls so as not to impair their work- 
ing strength. 

The minimum bending radius of 
soft silver tubing should not be less 
than five nominal tube diameters, pref- 
erably it should be greater. The thin 
walls collapse easily, therefore, the 
tube before bending should be filled 
completely with fine dry sand, solidly 
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Diameters of Shaft Subjected to Torsion and Bending 
As Calculated Using Different Theories of Failure 


Poisson’s ratio = 3. Shearing yield-point = 0 6 tensile yield-point. 
From Seely’s Advanced Mechanics of Materials, published by John Wiley and Sons, Inc. 








Maximum Maximum Maximum Strain 

Relative Stress Shear Strain Energy 
Moments Theory Theory Theory Theory 
M alone, T = O 1.060 10 1.060 1.060 
M = 10T 1.060 10 1.060 1.090 
Me=5T 1.060 1.0 1.060 1.110 
M=2T 1 040 10 1.050 1.140 
M=T 1 010 1.0 1 020 1.150 
M =0.5T 0 954 10 0.985 1.110 
M=02T 0.898 10 0 946 1.050 
M=0.1T 0 873 10 0 927 1.030 
T alone, M = O 0.844 1.0 0.906 0.980 


Silver Welded Tubing 


J. G. HENDERSON 
Consulting Engineer 


packed, then the ends of the tube 
should be plugged tightly with wooden 
plugs taking care not to distort or 
expand the tube ends. 

Annealing can be done with a torch 
at temperatures not exceeding 1,292 
deg. F. (dark red heat). Furnace an- 
nealing is usually done at tempera- 
tures from 392 to 572 deg. F. for a 
period of one-half hour. 

Before bending or forming, all 
points of work should be annealed. 
Hot working is not necessary, but 
when work hardening is severe it 
must be dissipated by subsequent an- 
nealing, which can be done repeatedly. 

Swaging, upsetting, flanging, cup- 
ping and other similar forming oper- 
ations should be done after annealing. 
Wooden forms and mallets, as 
commonly used in the fabrication of 
copper tubing, will be found useful in 








these operations. A snug fitting recommended. 

Properties of 99.9 Percent Commercial Silver 
E aai VERE RRME"q a ECF E idi eus ERU 0.378 lb. per cu. in. at 68 deg. F. 
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ETA sN 392 to 572 deg. F. for 74 hr. 
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back-up mandrel, having a fillet radius 
of about twice the wall thickness, 
should be employed when lapping the 
tube ends for flanged joints. The out- 
side diameter of the laps should ap- 
proximate that for standard pipe. 

Standard fittings for silver tubing 
are not available at present. All line 
joints must be either lapped and 
flanged, or welded. The cup type 
joint, as currently used in copper tub- 
ing fabrication, makes unnecessary the 
use of backing material and should be 
used for line joints, and line branches 
such as tees and laterals. 

In preference to reducing flanges, 
provide swages or upsets for line size 
reductions or increases. The larger 
lap diameters required for reducing 
flanges may cause excessive thinning 
out of the metal. The use of disks 
made from sheet stock for laps is not 


































Propucr ENcinFERING — June, 1941 











not 


NEW BOOKS 





Basic Mathematics 
For Technical Courses 


CLARENCE E. TurrEs. 475 pages, 6x 9 
in., brown clothboard covers. Published 
by Prentice-Hall, Inc., 70 Fifth Avenue, 
New York 11, N. Y. Price $5. 


This book contains the elementary es- 
sentials of arithmetic, algebra, loga- 
rithms and trigonometry that are needed 
in the solution of practical problems in 
technical fields. The volume should be 
useful in industrial and extension schools 
and to those who must depend upon 
self-study for the continuation of their 
education. Answers are included to the 
exercises presented throughout the text. 

A 131 page section of mathematical 
tables is included. These tables include 
logarithms of numbers, logarithms of 
trigonometric functions, natural trigo- 
nometric functions, conversion table de- 
grees to radians, natural logarithms, 
squares and square roots, and decimal 
equivalents of common fractions. 


Electronic Engineering 
Master Index 


FRANK A. PETRAGLIA. 209 Pages, 
7 x 10% in., Clothboard covers. Pub- 
lished by the Macmillan Co. 60 Fifth 
Ave., New York, N. Y. Price $6. 


Compilation of 10,000 listings of tech- 
nical articles from 65 electronic and 
allied periodicals during the ten year 
period from 1935 to 1945. 

Each entry gives the title of the 
article, author, periodical, and date of 
issue. The entries are grouped alpha- 
betically under conventional electronic 
subject headings. A complete cross- 
index of topics is included at the end of 


the book. 


Industrial Production Illustration 


HoELSCHER, SPRINGER & POoHLE. Sec- 
ond Edition. 243 pages, 9V x 1114 in., 
blue clothboard covers. Published by the 
McGraw-Hill Book Co., Inc., 330 W. 
E St., New York 18, N. Y. Price 
4.50. 


This contains a comprehensive treat- 
ment of pictorial drawings from the 
standpoint of theory. It probably repre- 
sents the first new synthesis in the 
theory of orthographic projection that 
has been published in some years. A 
secondary aim has been that of practical 
usefulness and to that end the authors 
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have prepared the drawings and the 
discussion in the light of the impetus 
given to pictorial drawing by the war 
industries. Perspective, therefore, has 
been dealt with from the viewpoint of 
the machine and aircraft industries 
rather than from the conventional archi- 
tectural approach. Axonometric pro- 
jections are covered both in conventional 
construction methods and in an exact 
method. Oblique projection, perspective, 
shades and shadows in perspective, and 
shading in general are discussed. Chap- 
ters also are devoted to sketching in 
oblique and axonometric projections. 
Some 40 pages of problems are included. 
This edition enlarges the treatment on 
perspective by including more material 
on the measuring point system and a 
discussion of the oblique perspective. 


Design of Molded Articles 


Prepared and published by the Society 
of the Plastics Industry, 295 Madison 
Ave., New York 17, N. Y. 6x9 in., 


white paper covers. Price $1. 


This, the sixth chapter of the SPI 
Handbook, sets forth the fundamental 
principles of correct designs of molded 
plastics articles. The importance of 
design in relation to economical produc- 
tion and maximum serviceability is 
stressed through this chapter. Prepared 
by the SPI subcommittee on the De- 
sign of Molded Articles, this chapter 
has taken into account all of the pos- 
sible factors that affect the design of 
a molded piece. 


Mechanical Measurements 
By Electrical Methods 


Howarp C. Roperts, Engineering Ex- 
periment Station University of Illinois. 
357 pages, 254 illustrations, 43% x 8% 
inches, clothboard covers. Published by 
Instruments Publishing Co., 1117 Wolf- 
endale St. Pittsburgh 12, Pa. Price $3 
epostpaid in U.S.A. 


Book is suitable for foundation for 
engineers wishing to specialize in elec- 
trical methods for mechanical measure- 
ments, or to acquaint semi-technical 
readers with the possibilities of avail- 
able methods. 

The book has two distinct sections, 
one discusses methods and the other 
equipment. Part I, Principles, lists and 
describes the basic principles of the cir- 
cuits and systems and discusses their 
abilities and applications. It is profusely 
illustrated with line drawings and pho- 
tographs. The 330 bibliographical refer- 
ences cover the most useful published 
material. Part II, Equipment, discusses 
the possibilities of the art and the phys- 





ical equipment used in realizing these 
possibilities, auxiliary devices such as 
calibrating devices, amplifiers and oscil- 
lographs. 


A.S.T.M. Standards on Petroleum 
Products and Lubricants 


Prepared by A.S.T.M. Committee D-2 
on Petroleum Products and Lubricants. 
615 ages, 6 x 9 in., paper covers. Pub- 
lished by the American Society for Test- 
ing Materials, 1916 Race St., Philadel- 
phia 3, Pa. Price $4, to AS.T.M. mem- 
bers $3. 


This considerably amplified 1946 edi- 
tion gives in their latest approved form 
99 test methods, 28 specifications, six 
lists of definitions of terms relating to 
petroleum, to materials for roads and 
pavements, and to rheological properties 
of matter; and one recommended prac- 
tice for designation of requirements in 
standards. 

In addition, several appendices are in- 
cluded covering methods of tests for: 
Sulfated residue of lubricating oils, 
phosphorus in, organic materials, and 
aromatic hydrocarbons in mixtures with 
naphthenes and paraffins by silica gel 
adsorption. 


Examination of Industrial 
Measurement 


JoHn W. Duptey, Jr. 5% x 8% in., 
blue clothboard covers. Published by 
the McGraw-Hill Book Co., Inc., 330 
W. 42nd St., New York 18, N. Y. 


Price $2. 


An excellent introduction to a field 
long ignored by most mechanical engi- 
neers. It acquaints the engineer with 
some useful, simple and adaptable sta- 
tistical tools and enables him to collect 
data in such a manner that they can 
be subjected to more elaborate analyses 
when such analyses are justified. The 
growing success of statistical methods 
as a tool in the study of agriculture, 
biology and sociology has emphasized 
that statistical methods do have a value 
in some cases for practical engineering 
work. Mathematics has been kept to 
a minimum and so suitable references 
to a thorough mathematical background 
are included. Types of industrial data 
are discussed. Other chapters cover the 
methods of presenting data, the normal 
probability curve, the quality control 
charts, the modified median-normal 
curve, examination by means of runs, 
correlation and curve fitting and limits 
of variation for fitted curves. Engineers 
who deal with phenomena occuring in 
great numbers possibly will find sta- 
tistics to be a useful tool. 
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Office Patience is no virtue 


It was as if an atom bomb, instead of 
an angel, had entered the room. 


“Tve come to take back your halos,” 
the mad angel said. “I’ve just learned that 


it’s a sin to type the same sales letter 100 
times a day—when you need do it only 
once. Simply make 99 Ozalid Black-line 
prints of your original...then add headings, 
etc. Everyone will think his letter was com- 
pletely typed. Deception? Yes, but you save 
6 hours a day. 


a time." 


Waiting 25 minutes for photocopies orman- 
ual transcriptions of file cards and records 
merits a veto, not a halo. You should use 
translucent cards—and get Ozalid prints in 
25 seconds. 

Besides, each Ozalid print is a positive (not 
negative) copy. 100% accurate every time. 


Not a vision, but a new Ozalid Streamliner, 
which you should learn all about today. 

In 25 seconds it reproduces anything typed, 
printed, drawn or photographed on translucent 
paper. And an 8!5 x 1l-inch print costs only 
one cent! 


All the ways you can save time, labor, and 
dollars by using it are explained in "The Sim- 
plest Business System" — a new, illustrated 
booklet. Mail this coupon today for a free copy. 


Office Patience is no virtue! 


"Satan—or some other black sheep — 
has had the wool over our eyes for too long 


Unnecessary posting, checking, repeating 
add up to the biggest loss of all. Ozalid 
allows you to make composite reports from 
separate ledgers... to transfer information 
from one sheet to another in seconds— 
without lifting a pen. It makes possible 
dozens of basic short cuts that bring joy— 
and new accuracy—to every accountant. 


——— ' — n — — À— 


OZALID DIVISION OF 
General Aniline & Film Corporation 
Johnson City, New York 


DEPT. 8 


Gentlemen: Please send free copy of "The 
Simplest Business System"'. . . and Ozalid prints 
of tvped, drawn, printed, and photographic 
material. 
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Charts for Designing Copper Coils 


USEFUL IN concentric 


coils from various types of covered, 


DESIGNING 


round, copper wire, these charts need 
little explanation other than the il- 
lustrative They be 
used to predict the characteristics and 


problems. can 


10,000 


RICHARD C. HITCHCOCK 


State Teachers College, Indiana, Pa. 


rating of a coil of given dimensions 
or can be used to predict the mini- 
mum size of coil needed to give the 
desired characteristics. 

The semi-logarithmic chart of Fig. 
| gives the turns in. and 


per sq. 


Belden 


heavy 


as used by 
regular and 


ohms per cu. in., 
Mfg. Co, of 

enamel-covered round wire of various 
A. W. G. gage sizes. 
complete diagonal line gives the prop- 


The heavy, 


erties for regular enamel-covered 
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Fig. | —Chart for coils wound with enamel-covered round wire. 
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Company 


Ege. knows the value of a snow-white, chip-proof finish. 


A finish that is as pleasing to the eye as it is to the 
touch. Plastics combine this lasting beauty with 
physical properties that insure long service and ease 
of assembly. 

You may not be a stove manufacturer . . . but there 
is better than an even chance that your product can be 
improved by the use of plastics. 

AICO with over 30 years of mold- 
ing experience ...using all methods 
and all materials ...is well quali- 


fied to advise you. PRECISION 


MOLDING 
This is number 31 of AICO’s series of 
plastics applications. A request on your 
letterhead will bring you the set complete 
to date, on convenient file cards. 


AMERICAN INSULATOR CORPORATION 


New Freedom, Pa. 
SALES OFFICES: Cleveland — Detroit — New York — Philadelphia 


for over 30 years 
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wire. The long-dashed diagonal line 
gives the turns per sq. in., and the 
short-dashed diagonal line gives the 
ohms per cu. in. for the heavy enamel- 
covered wire. The chart is used by 
extending a line up vertically from 
the wire size scale until it intersects 
with the diagonal line for the type 
of cover used. This gives the proper- 
ties for that wire on the scales to the 
right and left sides of the chart. 
The alignment chart of Fig. 2 gives 
the area of the end of a concentric 
coil. Knowing any two of the di- 
mensions; area, inside diameter and 
outside diameter, the third dimension 
can be found. If a square or rec- 
tangular coil is being designed, the 
chart of Fig. 2 is not used. For these 
simple configurations, the geometry 
of the coil is used with the data ob- 
tained from the charts of Figs. 1 and 
3, for finding the coil properties. 
The space factor correction chart 
of Fig. 3 is made up with regular 
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Fig. 2—Chart for finding area of 
concentric coil slides. 


enamel-covered wire as the datum. 
Space factors are designated for coil 
windings as if enamel-covered wire 
were to be used. If other types of 
used, correction factors 
must be applied to the space factor. 
To find the correction factor extend 
a vertical line from the wire size 
scale up to the point where it crosses 
the line for the covering used; then 
tead on the vertical scale the amount 
of correction needed. Multiply this 
Correction by the designated 
factor to get the useable factor. In 
winding coils that are to be inter- 


cover are 


space 
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leaved with paper, cotton, or silk an 
additional correction must be made. 
This correction can not be made by 
use of these charts, and will depend 
on the materials to be used in each 
individual case. With this overall 
space factor the data from Fig. 1 
can be worked up into the desired 
design of coil. 


EXAMPLE: Design a concentric coil 
with 4 in. outside diameter and 2 in. 
inside diameter to be 1.5 in. in 
length. Find its resistance and the 
number of turns used if wound with 
A. W. G. No. 30 gage regular 
enamel-covered copper wire, at a 
space factor of 40 percent. 


SoLuTION : On Fig. | locate the point 


on the regular enamel line which cor- 
responds to A. W. G. No. 30 wire. 


. Horizontally to the right scale read 


8,500 turns per sq. in.; to the left 
read 80 ohms per cu. in. of winding. 
Multiply these figures by the space 
factor; 8,500 times 0.4 equals 3,400 
turns per sq. in., 80 times 0.4 equals 
32 ohms per cu. in. of coil. On Fig. 
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2 align outside diameter of + in. 
with inside diameter of 2 in. and read 
area of 9.4 sq. in. The volume of the 
coil is then 1.5 times 9.4 equals 14.1 
cu. in. The total resistance is 14.1 
times 32 equals 451 ohms. The cross 
section of this coil is 1.5 (4—2)/2 
equals 1.5 sq. in. The total number 
of turns is 1.5 times 3,400 equals 
5,100 turns. 


ExAMPLE: Given A. W. G. No. 30 
gage single fiberglass-covered copper 
wire, wound with a space factor of 
50 percent, find the total resistance 
per cu. in. and the number of turns 
per sq. in. for a coil being designed. 


SoLuTION: On Fig. 3 find the space 
factor for A..W. G. No. 30 single 
fiber-glass-covered wire, compared to 
regular enamel, as 79 percent. The 
overall space factor is 0.79 times 0.5 
equals 39.5 percent. Multiply the 
values obtained from the first exam- 
ple by this overall space factor. 8,500 
times 0.395 equals 3,350 turns per 
sq. in.; 80 times 0.395 equals 31.6 
ohms per cu. in. of coil. 


Regular enamel- 



















30 
Wire Size, A.W.G.No. 


Fig. 3—Correcting space factor when given for enamel-covered wire. 
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Armco Aluminized Steel is a good 
example of a combination of two 
metals that serve better than either in 
some applications. This aluminum- 
coated sheet steel is a “natural” for 
products requiring exceptional resist- 
ance to heat and corrosion, plus high 
heat reflectivity. 


NEW PROPERTIES 


Besides combining many of the de- 
sirable properties of steel and alumi- 
num, this wedding of metals produces 
certain new properties which neither 
the steel base nor the aluminum coat- 
ing possesses alone. 

The corrosion resistance of ARMCO 
Aluminized Steel is due to the forma- 


tion of a tight, self-healing oxide film 
on the aluminum coating. This coat- 
ing resists heat discoloration up to 
approximately 900° F. Above this 


temperature the coating alloys will 
the steel base, forming a tight gri 
surface layer of iron and aluminum 
This alloy layer resists destructive 
heat-scaling up to about 1600? F 

Armco Aluminized Steel has bee! 
used successfully in such products ® 
aircraft firewalls, circulating heat 
parts, combustion chambers, heat de 
flectors, heat exchanger tubes, aul? 
motive mufflers and oven liners. 

If your products require res 
ance to heat and corrosion. th: 
special coated sheet steel may be tle 
answer to your problems. Write w 
for full information. Just address T 
American Rolling Mill Compan 
2271 Curtis St., Middletown, Ohio 
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Product 


Actuator . 
Actuator . 
Actuators 
Agent, Gloss Reducing. 
Breaker, Circuit ..... 
Capacitors, Discharge . 
Comparitor, Grain Size 
Connector, Cable . 
Control, Boiler .. 
Elernents, Filter . 
Exchanger, Heat 
Holder, Tool . 

Holder, Tool . 

Holder, Tool ... 

Hose, Industrial 
Insulation 
Re 
Machine, Numbering 
Manifold, Two-Valve 
Markers, Wire .. 

Material, Spring .... 
Material, Undercoat 

Meter, Angle ... 

Pads, Mounting 

Pencil Clipper .. 

Pillow Block ..... 

Plating, Copper ...... 
net, Variable Pitch.. 
Rege ator, Air Pressure. 
BM anvercwneee 

Relay, Sequence 

BEN vavdcasee 

Supply, Power 

Switch, Limit . 
eee 
Switches, Precision 

Table, Feed 

Timer ... 

ES 

Valve, Hydraulic .. 

Valve, Safety Release .... 
Valve, Solenoid Two-Way . 
Valves, Control .. 


Copper Plating 


MacDermid Inc., 502 Huntingdon Ave., 
Waterbury 88, Conn. 


Giving a mirror-bright copper plate 
from a cyanide copper plating solution 
modified by potassium cyanide and Mac- 
Dermid brightener solution, this proc- 
ess operates over a wide variety of con- 
ditions. No restrictions are placed on 
the types of anodes used, but it is 
recommended that the anode area be 
twice the cathode area. Since cold 
water rinsing is the only treatment re- 
quired prior to another plate this 
Process is particularly suited for under- 
coating. Equipment necessary for this 
Process is simple. Ordinary steel tanks 
and coils, with rod or solution agita- 
tion, are used with periodic solution 
filtration through carbon. Deeply re- 


INDEX OF ITEMS 
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NEW MATERIALS AND PARTS 


Manufacturer 


Potter Instrument Co.... 178 
Westinghouse Electric Corp. 170 
Unimax Switch Corp..... 182 
Monsanto Chemical Co.... 194 
Westinghouse Electric Corp.. 170 
Oe TO ETT 168 
Westinghouse Electric Corp. 172 
Gedney Electric Co....... 178 
DOMINOS FR, T 194 
Engine-Life Products Corp.. 188 
National Carbon Co........ 180 
Airo Products Co........... 192 
Crozier Machine Tool Co.. 167 
Kennametal Inc. ............ 174 
Goodyear Tire & Rubber Co. ....... 196 
American Flange & -— Co., Inc 170 
Nylock Corp. ...... 188 
The Acromark Co.. 186 
The Weatherhead Co... 168 
Western Lithograph .... 170 
Elgin National Watch Co.. 170 
Colonial Alloy Co........... 176 
Technology Instrument Co.. 184 
The MB Mfg. Co., Inc.. 196 
Morrision & Sons Co. 182 
Ideal Products Co.. 192 
MacDermid Inc. . 167 
INENMNM Lo oes QU vR SA Sa aaa a Une MA dd 168 
A. Schrader's Son Div., Scovill Mfg. Co. Inc 190 
Ward Leonard Electric Co.. 1% 
Struthers-Dunn, Inc. .. 184 
Aluminum Solder Co.. 186 
Superior Electric Co 168 
Square D Co 167 
Guardian Electric Mfa. ‘Co 1% 
Micro Switch .... 196 
A. K. Allen Co...... 180 
Diamond Instrument Co. 170 
Industrial Timer Corp.. 190 
R. |. Task Enterprises Inc. 172 
Farris Engineering Corp.. 168 
Electrol, Inc. ... 176 
H. Belfield Co.... 174 


cessed parts should be subjected to a 
The main tank can be 
used for this with a 6 volt potential. 
The rinse for such parts should in- 
clude a dip in a § percent sulfuric acid 


strike solution. 


bath between water rinses. Using 1 


to 2 volts at 20 amp. per sq. ft., 
one 


monovalent copper will plate 
thousandth of an inch in 30 minutes. 


Tool Holder 


Machine Tool Co., 
ve., Hawthorne, Cal. 


Crozier 
Prairie 4 


Bolted firmly in place on the lathe, 
this tool post turret holds any four 
thereby doing 
away with much resetting and recenter- 
Indexing is accomplished 
by releasing the handle and revolving 


tools simultaneously, 


ing of tools. 


684 N. 


4 


the turret manually. The pre-location 
is determined automatically by a power- 
ful detent mechanism without the 
operator having to feel for the correct 
position. When the turret has been 
revolved to the desired tool, the handle 
is locked. 


Automatic Limit Switch 


Square D Co., 4041 S. Richards St., 

Milwaukee 12, Wis. 
A machine tool limit switch known as 
Class 9007, Type AW, can be had for 
both surface and flush mounting. They 
are available with either roller arm 
or push-rod operated mechanisms. The 
push-rod mechanism is designed for 
straight line operation and is not rec- 
ommended for side thrusts. The die- 
cast inclosure with Corporene gasket 
is oil-tight and dust-tight. The switch 


can be mounted in several positions and 


the %4 in. conduit entrance can be 
made available at either end of the box 
by rotating cover and switch assembly 
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Roller arm types need only 


180 deg. 
5 deg. travel to operate. Return springs 


are easily reversed for either clock- 
wise or counter-clockwise motion of 
lever, or completely removed for main- 
tained contact action. Operating arms 
are available in various lengths from 
7$ to 3 in. with standard, hardened 
steel rollers 5$ in. in diameter and 1⁄4 


in. wide. 


Safety-Release Valve 


Engineering Corp., 527 Com- 
mercial Ave., Palisades Park, N. J. 


Known as Model No. 2745, this 
valve is fabricated completely from bar 
stock, either bronze, cold-rolled steel 
or stainless steel. The disk and nozzle 
of all valves are of stainless steel. High 


Farris 











flow efficiency, with a coefficient approxi- 
mating unity, is obtained because of the 
high lift of the disk brought about by 
the kinetic discharge 
developed by the venturi action of the 
Available with or without test 
34 and r in., 


energy of the 


nozzle. 
gear, in 3 body sizes; 4, 
interchangeable nozzle inserts provide 
for proper capacity at set pressures in 
2.000, and 10,000 lb. 


3 ranges; 5,000 


per sq. in. for each size. 


Variable Pitch Pulley 
Sctentiae Corp., 103 Pine St., 
2, Ohio 

This fixed-adjustable, variable pitch 

V-belt pulley locks onto the shaft with 

is used by means of a spiral 


Dayton 


which it 


wedging action. No set screws are 


used; no threads or keyways are re- 
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quired on the shaft. The pulley is in 


rigid alignment when locked on the 
shaft and an infinite number of ad- 
justments may be made. The pulley 


will drive in either direction of rotation. 
Known as the Spiralok, this pulley is 
with V-belt con- 
nected apparatus of all kinds 


used motor-driven 


Power Supply 


The Superior Electric Co., Church St., 


Bristol, Conn. 


Voltbox, 
portable 


Plant 
compact, 
continuously ad 


Known as the Power 
this unit 
source of 
justable a.c. voltage and current. Three 
output and two 
ranges of output current are available. 


gives a 
metered, 
ranges of voltage 


The variable voltages and currents are 
obtained by two Powerstat variable 
transformers operating in conjunction 
with auxiliary transformers, Voltage 
and current are varied independently 
and are electrically isolated from each 
other. For metering purposes, a triple 
range voltmeter and a double-range 
ammeter are supplied. When it is re 
quired to measure external voltages 


and currents, these meters can be used 






































for such purposes by throwing the 
lever-action switches located beside 
each meter. The circuit has been de- 
signed to permit the use of this de- 
vice on either 115 or 230 volt 50/60 
cycle power lines. The output voltage 
ranges are O-30, O-150 and 0-300 volts 
while the current ranges are 0-5 and 
0-20 amp. The instrument is pro- 
tected by a circuit breaker. 





Discharge Capacitors 


Solar Mfg. Corp., 285 Madison Ave., 

Vew York 17, N. Y. 
Wound with high purity Kraft pape: 
and aluminum foil these types OLXC 
and QLXP discharge capacitors are 
assembled in fabricated — terne-plate 
containers before a high-vacuum drving 
and impregnating cycle. Impregnation 
and filing is with Superex, a non- 


























| SUPEREX 

| DISCHARGE CAPACITOR 
| quP 40-25 ak 
| io smF 4000 VDC PE 

x 100 W5 





inflammable, synthetic impregnant. 
Heavy internal leads are used to carr: 
the large discharge currents used in 
capacitor discharge welding and pulsed 


lighting applications. Riveted com- 
pression-seal terminals with molded 
phenolic-cup bushings and forked 


solder-lugs are used on type QLXC; 
compression-seal porcelain stand-off in- 
sulators are used at higher voltages on 
type QLXP units, see cut. These 
capacitors can be operated at full rat- 
ing over an ambient temperature range 
of o to 50 deg. C. They will retain 
a charge for several days. 





Two-Valve Manifold 


The Weatherhead Co., 300 E. 131st St., 


Cleveland 8. Ohio. 


Combining the suction line valve and 
the fluid line valve of a normal Her- 
metic condensing unit into one compact 
fitting, this two-valve manifold is used 
on refrigeration applications. One half 
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COMPLETELY 


s -= COLD FORGED 


"is. 


Unretouched photo — etched cutaway — Holo- Patented Method Owned Controlled 


Krome FIBRO FORGED Socket Head Cap Screw. Exclusively used by Holo-Krome 


HOLO-KROME 
bro forged SOCKET SCREWS 


Continuous Fibres running from end Yes, when you specify “Holo-Krome 
to end! Uninterrupted, unbroken, un- FIBRO FORGED Screws,” greater 
severed! A stronger Socket Screw. strength, uniform quality and accu- 
This continuous fibrous structure is racy are assured plus the saving of 
obtained by Completely Cold Forging weight, space and assembly time in 
—a Holo-Krome patented method. your production. 


THE HOLO-KROME SCREW CORP. HARTFORD 10, CONN. U.S.A. 





STRIPPER 
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of each valve assembly is eliminated 
when used with the regular service 
valve found in any Hermetic service 
kit. This manifold has five component 
parts, as compared to twenty-two in 
previous two-valve systems. 


Insulation 


American Flange & Mfg. Co. Inc., 30 
Ro kefeller Plaza, New York, m. T. 


Known as “Ferro-Therm’, steel is 
now being installed as an insulator in 
buildings of all kinds. This material 
is a reflectve insulaton, so that 90 to 
95 percent of all radiant heat that 
strikes it, from either side, is repelled. 
Single sheets can be cut with tin snips 
and up to five sheets can be cut at one 
time on a cutting board. Measuring 
thickness it can be 
in place. 


only 0.006 in. in 
stapled permanently 


Circuit Breaker 


Westinghouse Electric Corp., P. O. Box 
868, Pittsburgh 30, Pa. 
Known as the Quicklag, this circuit 
breaker provides a tripping action that 
combines the inverse time limit charac 
bimetal 
overloads with the operating speed of 


teristic of thermal action on 
magnetic trip action on short circuits. 
Available in single or double pole, this 
breaker has an arc chute that elim- 


inates the need for a vent screen in the 








bottom, thereby permitting mounting 
flush to the pan. This eliminates need 
for the 3% in. mounting clearance for- 
merly required. A sturdier operating 
handle, more inclosed, needs less move- 
ment in resetting. A hole in the handle 
permits attaching handle extension for 
two-pole operation. The unit handles 
IO to 50 amp. at 125 to 125/250 volts. 


Timer 


Diamond Instrument Co., N. Ave. at 
Broadway, Wakefield, Mass. 


Used for timing multiple operations in 
sequence or simultaneously, this Uni- 
versal Timer is made of two separate, 
single-pole, double-throw switches, a 
small synchronous motor and two con- 




























trol knobs. The switches can be auto- 
matically opened, closed, or held closed 
according to a preset schedule by means 
of the control knobs. lt is possible to 
time four loads independently within 
one cycle. By cross connection with two 
other timers, twelve independent loads 
can be synchronized with respect to 
each other. Designed for panel or bench 
mounting, the timer can be built into 
or used with other instruments. 


Wire Markers 


Western Lithograph Co., Los Angeles 
54, Cal. 


Developed after many experiments, 
E-Z-Tab, an additional part of the 
regular E-Z-Code Wire Markers, is 
an important feature, especially where 
more than one card is in use at a time 
because all markers remaining on par- 
tially used cards are kept in perfect 
condition for future use. In applying 
the markers the tab assists in three 
ways: The marker will not stick to the 
fingers, as no adhesive is in contact with 
the skin; dirt and contamination is 
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eliminated assuring maximum adhesive 
contact and the E-Z-Tab provides 50 
percent more leverage than the fingers 
for binding the final end of the marker 
to the wire. 







Spring Material 
Elgin National Watch Co., Elgin, Ill. 


A new alloy has been discovered for 
use as the mainspring material for 
watches. Known as Elgiloy, this mate- 
rial has mechanical and chemical prop- 
erties that indicate a wide use in fields 
other than that of watchmaking. It 
has a higher strength and modulus of 
elasticity than ordinary steel, and it 
will not rust. As a further indication 
of its resistance to corrosion a spring 
of this material was put in hot aqua 
regia for one hour with no appreciable 
results. This material is non-magnetic, 
both as regards temporary and perma- 
nent magnetism. 


Actuator 


Westinghouse Electric Corp., 306 
4th Ave., Pittsburgh 30, Pa. 


This rotary type, wing-flap actuator 
weighs less than 4 lb. and was designed 
to meet small private airplane require- 
ments. The auxiliary shaft extension 
can be used to drive remote position 
indicators or limit switches. The 12 


volt d.c. motor is of the reversible type 
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"This advertising message, appearing in 4-color cover position in NEWSWEEK, 
BUSINESS WEEK and U. S. NEWS, is developing business for Monsanto Lustron 
molders and fabricators." 


Short cut to 


Because it saves so many steps in pro- 
duction, the manufacturer of this fast- 
selling Air-Flight Circulator chose 
Monsanto Lustron for his material. He 
saw that no other material combines 
such important qualities so advantage- 
ously as this versatile Monsanto plastic. 


Assembly time reduced, incidental machining 


eliminated by structural features embodied in 
molding. 

Finishing, stamping, buffing, machining, etc., 
eliminated or minimized. 


Fostest, most economical mass production meth- 
ods possible. 


Minimum of time, equipment,” capital, sta 
Production. : 
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market via 


A MONSANTO PLASTIC 


More units produced per dollar, due to low 
pound cost combined with light weight. 


Inherent color ,.. sparkle . . . friendly "touch." 


Waste material salvageable at full value, 


MONSANTO 


CHEMICALS “ PLASTICS 


gperveeeoeweeeeeeeeeee 


You too, can get out in front of today’s 
markets by specifying Monsanto Lus- 
tron, wherever you can use it, for your 
product or its components. Ask your 
molder for full information or write: 
MONSANTO CHEMICAL COMPANY, 
Plastics Division, Springfield 2, Mass. 
In Canada: Monsanto (Canada) 
Limited. Lustron: Reg. U. S. Pat. Off, 


The broad and versatile family of Mon- 
santo Plastics includes: Lustron* poly- 
styrenes e Cerex* heat resistant thermo- 
plastics e Vinyls e Nitron* cellulose nitrates 
e Fibestos* cellulose acetates » Thalid* 
resin e Resinox* phenolics « Resimene* 
melamines e Forms in which they are sup- 
plied include: Sheets e Rods s Tubes e 
Molding Compounds e Industrial Resins e 
Coating Compounds » Continuous Films e 
Vuepak* rigid, transparent packaging ma- 
terials. Saflex* safety glass interlayers. 
Reg. U. 8. Pat. Off. 


SERVING I DUSTRY. .. WHICH SERVES MANKIND 


*"** » 92499 "7*9 *** 
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NO 
TRACING! 


Fortagraph COPIES 


FROM BLUEPRINTS 


PORTAGRAPH makes excellent black on white 
working copies directly from blueprints. When the original 
tracing is not available and you need a few additional copies of a 
blueprint, PORTAGRAPH'S one-step operation saves you time and 
money. When you need a large number of additional prints, you 
canmakea PORTAGRAPH tracing directly from the blueprint you 
have. To learn about the many other ways PORTAGRAPH 


cuts your costs, simply fill out and mail the coupon below. 
OT A A A A A TC | TT 


GENTLEMEN: Send me your free folder From Planning to Production. 


PORTAGRAPH - ROOM 2648 
315 FOURTH AVE - NEW YORK IO 


NAME. |.  J—— —TITLE 


COMPANY 
STREET. 
CITY 


ZONE STATE 
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rated at 1/50 hp. A 435 to 1 built-in 
gear unit makes possible an output of 
130 in.-lb. at 10 rev. per min. from the 
running speed of 4,350 rev. per min. 
The unit is equipped with its own mag- 
netic brake. 


Hydraulic Valve 


R. I. Task Enterprises Inc., 250 Au- 
burn St., Cranston 10, R. I. 


This unit, known as the Rite 4-port 
hydraulic cylinder valve, is suitable for 
controlling all types of reciprocating 
hydraulic cylinders and obtains full re- 
versal actuation from the cylinder itself. 
Cylinder reversal can be accomplished 
with as little as % in. travel. This 


REVERSE —» 


TO CYLINDER 


RETURN TO TANK 


valve includes positive mechanical shut- 
off by a knob which springs into "stop" 
position. "The reverse lever can be 
moved to any position without causing 
cylinder movement or creep. Motion 
can be resumed by pulling out the stop 
knob. No springs are used, and it will 
operate on pressures from 50 to 300 lb. 
per sq. in. It can be had for pipe sizes 
from 1% to 1 in. to operate at speeds up 
to 500 cycles per minute. 


Grain Size Comparitor 


Westinghouse Electric Co., 306 4th 


Ave., Pittsburgh 30, Pa. 
‘This comparitor, consisting of a ground- 
glass screen hinged to an illuminating 
unit with a slotted wooden frame, is 
easily attached to a standard metal- 
lograph. It provides for counting the 
| grains in a certain area or estimating 
their extent by comparison with a 
series of standard photographs. To 
determine the grain size of a particu- 
lar specimen, a polished and etched 
sample is placed on the stage of the 
metallograph and projected in magni- 
fied form on the glass screen, left in 
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Che MODERN ASSEMBLY LINE 
depends on 


PRECISION 


Ever watch the assembly line in a modern industry? 
They take gears produced in New England . . . shafts 
turned in Ohio . . . housings cast in Indiana . . . and 
Sleeve Bearings made in New Castle. With a few 
4 facile movements by the operator a motive unit is 

^ rectse produced . . . ready to run. This simplified 

AT EVERY POINT assembly is possible only when each manufacturer 


works to a precise set of measurements . . . clearly 


Johnson Bronze Sleeve Bearings Give You Every Worthwhile Advantage 


Cle defined tolerances. 
N a Producing Sleeve Bearings exactly according to 
= is specifications is an easy assignment for Johnson 
| Bronze. We have the men . . . the machines . . . 
D E and over forty years' exclusive bearing experience. 















| We can help you select the correct type of bearing 
; + -t . . . help you decide on the proper dimensions . . . 
à F odiis and then produce your requirements right in every 
Dens 6 —— ——À4 detail . . . and on time. Why not call us in TODAY? 
a / 

0 A-side Diameter .. . concentric with J O H N $ O N A R O N Z E C O " 
i B—Chanfer .. . right length ... correct 508 South Mill Street  , New Castle, Pa. 
le C—Fiange Thickness ... stout enough 


to take the thrust. 


D—ricage Diameter ... ample enough 
to distribute the load. 


E—outside Diameter ... correct dimen- 
sion for easy assembly. 


F...rienge Position ... to "locate" the 
bearing. 


-— G—tength . . . held to right limits... 
sufficient to carry the load. 


X—Allo Selected to suit operating 
conditions. 
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cut. A transparent slide of a known, 
| standard grain structure is slipped into 

the wooden frame and illuminated by 

incandescent light. The magnifying 

power of the metallograph is then 

changed by extending the bellows until 

the unknown image matches the stand- 

ard. The amount of adjustment needed 

is read from a scale, and the grain 

size of the unknown specimen deter- 

e mined bv reference to a standard graph. 

















Control Valves 


H. Belfield Co., Broad St., Philadel- 
phia 23, Pa. 

A line of air-operated diaphragm motor 
| control valves, known as No. 700, has 
| been developed from the experience of 

the No. 350 series. To obtain smoother 
| operation, the valves have been de- 
signed to eliminate as much friction as 
possible and have reinforced, molded 
neoprene diaphragms. This makes them 
more sensitive to changes in control 















air pressure. There are two valve-body 
types giving diverted and direct inlet 
flow. Modified parabolic and V-port 
inner valves are top and bottom guided, 
and are individually designed to give 
correct flow-lift characteristics for the 
process being controlled. These valves 
are available to operate on 2 to 14, 
O to 7, and 7 to 14 lb. per sq. in. of 
control air, in 14 to I4 in. sizes. 
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This interesting print from an 
old copperplate shows what is 
said to be the first stamping 
mill powered by steam, de- 
signed by Branca in 1629. 


Tool Holder 


Kennametal Inc., Latrobe, Pa. 


Known as Style 3RS (right hand) and 
The production of custom-cut gears has been our business Style 6RS (left hand) these tools are 

] made of a solid round clamped on end 

for over 25 years. Our gear engineering know-how is backed up in a heat-treated steel holder and sup- 
ported by a back-up adjusting screw. 
Each end of the round provides à 
circular cutting edge. A small section 
of this edge, depending on the depth 
of cut, bears against the work. When 
You Furnish the Specifications—We’ll Produce the Gears! this section becomes dull, the clamping 


PERKINS Precision, Custom-Cut 
(edem ie ees drei esl ies ERES 
PERKINS MACHINE & GEAR COMPANY - Springfield 2, Mass. 
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Modern methods of power transmission require precision gears 





cut to highly exacting specifications. 







by facilities which ensure a steady flow of gears to meet your 






production schedules without interruption. 
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` YOURS FOR 
BETTER PERFORMANCE! 


"7 


BUSHING STOCK 


By Shenango-Penn 
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F you use bushing stock, why not get, 
at prevailing prices, the best that 
money can buy? 


The same centrifugal casting tech- 
niques that make Shenango-Penn a pre- 
ferred source of supply for long-lived, 
made-to-order bearings, bushings, sleeves, 

liners, rolls, etc., are now offered in Shenango-Penn 
tubular bushing stock! 

Thus you gain many advantages: finer, pressure-dense 
grain, an 8 to 20% increase in tensile, finely divided and 
uniform lead dispersion, superior wear resistance, as 
much as 30% greater elongation, and positive relief from 
sand inclusions or blow holes. Here’s bushing stock 
that’s ready now to give you a big extra margin of 
safety, service-life and over-all economy. 

Send for free descriptive bulletin No. 145 and the 
address of the Shenango-Penn sales office nearest you. 


SHENANGO-PENN MOLD COMPANY 


668 West Third Street * Dover, Ohio 
EXECUTIVE OFFICES * PITTSBURGH, PA. 


ALL BRONZES * MONEL 
METAL * ALLOY IRONS 


175 





ld 


GOOD REASONS 
FOR BUYING 


Permanent Magnets 


FROM 


THOMAS « 
SKINNER 
x 


* 3495, CHROMIUM * ALNICO 
. 6% CHROMIUM * ALNICO 
* 6% TUNGSTEN * ALNICO 
* 3% COBALT * ALNICO 
* 17965, COBALT * ALNICO 
* 37965, COBALT * ALNICO 
* CUNIFE * ALNICO 
* CUNICO * ALNICO 
* COMOL (Remalloy) 


Every one of these permanent magnet materials is 
different. And every one of them is "bes!" in some 
specific application—because it is the one material 
which will meet all performance requirements at the 
least material and fabrication cost. These are 17 good 
reasons for dealing with Thomas & Skinner —because 
Thomas & Skinner supplies magnets in all these ma- 
terials—cast, formed or sintered. 

The 18th good reason is the simple fact that Thomas 
& Skinner Steel Products Company has the longest 
record of service in the permanent magnet industry — 
46 years. And nowhere is experience of greater value 
fhan *in the design and 
fabrication of permanent 
magnets. 

Write for the new tech- 
nical bulletin: "Use, Design 
ond Fabrication of Per- 
manent Magnets.” Just fill 
out and mail the coupon. 


SSCS SESS eeeeeeeeeee 
Please send new Perma- 
nent Magnet Catalog 


Please have 
sales engineer call 


NAME 
COMPANY 


CITY 


THOMAS & SKINNER 
STEEL PRODUCTS COMPANY 


1124 EAST 23rd STREET, INDIANAPOLIS, INDIANA 


screw is loosened and the round is 
revolved about its axis to provide a new 
cutting edge. After one end of the 
round has become dull the round is 
turned end for end to provide another 
cycle of cutting edges. For rounds 
3% in. in diameter and 34 in. long the 
holders are 34 x 34, 34 x t or 34 1-4 
in. For rounds "5 in. in diameter and 1 
in. long the holders are 1 x 1, 1 x 1-% 
or I x 1-\% inches. 


Solenoid Two-Way Valve 
Electrol Inc,, Kingston, N. Y. 


Primarily for use with oil, this com 
pact hydraulic unit accommodates op- 
erating pressures from Oo to 1,500 lb. 
per sq. in. and can be adapted for use 
with other fluids. A heavy duty i10 
volt, 60 cycle solenoid is mounted on top 
of the two-way valve housing. The 
solenoid core motion is transmitted to 


the valve plunger by a lever which as- 
sures positive operation of the valve. 
The valve housing is made of heat 
treated aluminum alloy. The enclosed 
poppet and seat are made of hardened 
and ground steel which form a balanced 
valve. Supplied in four NPT pipe 


sizes; 1%, 14, 3% and 1% in., the valve 


can be had in normally open or nor- 
mally closed positions. 


Undercoat Material 


Colonial Alloys Co., Ridge Av 
Crawford St., Philadelphia 29, Pa 


Known as "Prepaint" this material 
can be applied to aluminum and its 
alloys at room temperature by dip. 
spray or brush. It reacts chemically 
and bonds with the aluminum surfaces 
giving a good foundation for final paint 
or lacquer coats. All dirt, grease and 
foreign materials are removed from the 
surfaces to be coated; the parts are 
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Time and again Sirvene engineers serve as the 

hands which confirm a designer’s conception. Work- 

ing in Chicago Rawhide laboratories, they develop 

and produce the pliable parts essential to the func- 

tion of his design. These unusual Sirvene parts are 

molded from custom-compounded formulae and - 
verify every specification in design, elasticity or 

hardness, tensile strength or resilience. They are 

resistant to age, dryness, abrasion, wear, tempera- A Product of the Synthetic Rubber Division 
ture extremes, oil, water and deterioration. When 


your pr involves > deve ont of pliab " 
problem involves the de elopme t of pliable COP Avenua Tee a eee 
parts, Sirvene offers the best solution 


THE SCIENTIFIC COMPOUNDED ELASTOMER 


Sirvene products include diaphragms, boots, gaskets, oil seals, washers, packings, and other special molded mechanical pliables. 












then immersed in the chemical solution 


6 | for from 15 to 60 sec.; they are rinsed 
| with water and dried; and then the 

final coating is applied. Wrought, cast, 

| die-cast, machined, forged, extruded 

and other forms of aluminum and its 

8 | alloys can be treated in this way. The 

| material can be kept in ordinary steel 


tanks for long periods of time. It is 
See SCOVILL! stable, non-inflammable and non-toxic. 


HER SCREW ASSEMBLIES gm HEAD SCREWS 


FOR PHILLIPS R 






Cable Connector 


Gedney Electric Co., RKO Building, 

Radio City, New York 20, N. Y. 
Designed for the new code PVX 
armored and non-metallic cable, this 
duplex connector, catalog number DC- 
15, accommodates two runs of the small 


FOR SEMS WAS 













Washer permanently fastened on, yet Increase assembly speed up to 50°%! 


free to rotate. Easier, faster driving Cut down injuries to workers with no 
No fumbled, lost or forgotten washers burrs, no skids. Reduce production costs 
Matching finish on both parts. Easier Reduce rejects! Improve product ap- 
ordering and balanced inventories pearance! Go modern with Phillips! 





cables in a % in. knockout. A two- 
screw clamp provides an equalized 
squeeze action that firmly grips both 
cables under all conditions. It will take 
the full range of cable sizes from two- 
conductor number 14 to three-conduc- 
tor number 10. 






The latest type recessed-head screw Scovill is expert in cold-forging unusual 






Screw locks on driver. Can't fal! off special fastenings, such as the one 






No screw-driver slippage. Easy to as shown. Scovill designing ability, engi- 
semble. Exceptional driver life. Ordi- neering skill, men and machines save 






nary screw-driver may also be used money for customers. Consult Scovill! 











Look at the fastenings you're now using—and see if they're 
the best for the job. Get better results—at less cost—with 


modern fastenings. If you use fastenings in large quantities, 


Actuator 





Potter Instrument Co., 136-56 Roose- 
velt Ave., Flushing, N. Y. 









A high resolution photoelectric actua- 
tor for counting pills, buttons, watch 
out and mail the coupon below—now! screws, bottle caps, hardware, and 
other such items, known as the Model 


it will pay you to find out what Scovill can do for you. Fill 









MAIL COUPON TODAY! 600 Photoelectric Actuator, has a beam 
i approximately 1/16 in. wide and will 
id a | respond to changes in light level as 
n cde dum atm a m 7 71 small as 20 percent. Since complete 
ama” PANY i i i is not 
$, -— h MANUFACTURING CON DIVISION i — of - light beam Ls 
vt SCREW PRODU (PE-6) 1 required for normal operation, objec 
WATE 
48, n 
WATERVILLE information on: L] 















QUALITY FASTENERS 
FOR 
QUANTITY CUSTOMERS 















NAME — A. assunti 
COMP a eM 
ADDRESS 
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Changing Flywheels to Welded Steel 


BY L. C. BEATTY, PRES. 
BEATTY MACHINE & MANUFACTURING CO., HAMMOND, IND. 


In machining flywheel castings for our punches 
and shears, we occasionally ran into blow holes 
which necessitated scrapping of the flywheel and 
resulted in a loss of the machining man-hours. 
These unfortunate experiences led us to develop a 
line of welded flywheels built from homogeneous 
steel plate. 

CUTS COST 20% 

Not only have we eliminated former scrap losses, 
but we have cut ‘the cost of our flywheels about 
20% with the welded construction. 


One of the cast iron flywheels is shown in Fig. 1. 
A welded flywheel is shown in Fig. 2. 







Fig. 1. Flywheel 
of cast iron con- 
struction used 
formerly. 


Fig. 2. A 50” weld- 
ed steel flywheel after 
machining. 


HOW IT IS BUILT 


The 50” flywheel shown in Fig. 2 is built as 
shown in the sketch of Fig. 3. Interior fillet welds 
are made with the wheel in the flat position with 
one pass of 14” Lincoln ‘‘Fleetweld 11” Electrode. 
The deep-groove welds that join the outer plates 
to the web are made downhand with the wheel in a 
motor-driven fixture as shown in Fig. 4. ‘The grooves 
are filled with 14" *Fleetweld 11". 


We expect soon to install a *Lincolnweld" auto- 
matic outfit to make all of these welds. This equip- 








Fig. 4. Welding flywheel in fixture. 


ment should reduce the cost of our flywheels even 
further. 


Flywheels comprise just one of many parts for 
our shears and presses which we have changed over 
to welded steel design. In this development work 
we have found it helpful to have the Machine De- 
sign Studies published by Lincoln Electric. These 
may be obtained by writing The Lincoln Electric 
Company, Dept. 364, Cleveland i, Ohio. 


Advertisement 


Propucr ENGINEERING — JuNE, 1947 








as small as ten thousandths of an inch 
have been counted. This actuator pro- 
vides the negative pulses required for 
operation of the Potter Electronic 
Counters, and is designed to detect ob- 
jects at rates up to 30,000 per min. 
The unit contains a capacitor discharge 
output circuit for the high speed opera- 
solenoids. 














tion of control 





Feed Table 


A. K. Allen Co., 3011 Ft. Hamilton 
Parkway, Brooklyn 18, N. Y. 






















“ This dial feed table is motivated by 


compressed air through a 3-way air 
valve, moving a hardened, lapped piston 
to operate the pawl arm. The pawl 




















indexes the table and locks it in the 
| indexed position until the valve is re- 
| leased. A spring then returns the pawl 
to a position ready for the next index- 


ing. All moving parts are of hardened 


F A & R I c A T o * 5 steel working in replacable bronze or 


Oilite bushings. 








Hinges for a Thousand Uses 







There és an answer to your hinge or connector problem — Moynahan Heat Exchanger 
Fabrications. Moynahan engineers have developed hundreds of or ee ae 30 E. did 
extruded hinges and connectors to meet customers’ specific needs. St., New York 17, N. Y. 





They're available to you, too, in lengths from 0'1" to 21'0" —in alumi- This seven tube heat exchanger can 
num alloys, magnesium, bronze —in non-corrosive finishes, bright, be operated vertically or horizontally 
or in colors to match any product. | as a heater, cooler, boiler or condenser. 


Moynahan hinges and assembly connectors are engineered to your It will carry temperatures up to 338 
deg. F. and a working pressure of 50 


individual requirements for strength and appearance. Tested struc- : 
c i . | lb. per sq. in. on both the tube and 
tural members — precision machined — with perfectly matched loops | : > I 
d f E li h bilitv. Hi s b ith | shell sides. Standard nozzle connec- 
and spaces for universal interchangeability. Hinges, yes — but with a tions permit easy installation with 


beauty dividend. piping connections of almost any mate- 
Many of the following products are designed to include Moynahan rial or constructon. Water, brine or 
custom hinges and fabrications. They may suggest a solution to your steam are suitable on the shell side. 


. It is constructed with tube sheet, dome 
hinge or assembly problem s constructed with tube sheet, d 
: and nozzle in one monolithic piece, 
















Aircraft Trailers Railroad Cars Our new catalog will prove of which eliminates packed joints for the 
erm d ae Cases ou M a — de- corrosive liquid and reduces the num- 
wsic mes odios gerators ment. n sen or your i d ° . 
ariaa sani Light Fixtures nt saduy? . " ber of gasketed joints on the fluid side 






to one at each nozzle. Three different 












MOYNAHAN BRONZE CO., 9073 ALPINE AVENUE, DETROIT 4, MICH. 
tm, K 


. 4 Z 
E  --- c Vlanufactusers 7 INDUSTRIAL METAL PRODUCTS 
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WORLD LEADERSHIP... 
Our Duty and Our Opportunity 





APITALISM in Europe and the rest of the 

world is challenged by a real and formidable 

rival, communism. For capitalism to thrive 

a reasonable amount of prosperity is essential. 
Communism uses poverty to advance itself. 

Except for the Western Hemisphere, most of the 
world came out of the war poor. Two years after 
V-E Day it is still poor. It needs dollars. It needs 
credit. It needs capital. It needs trade. It needs 
technical and managerial skills, 

If we in America are to help the rest of the world 
back to its feet, starting it again on the road to peace 
and a free economy, we should try to supply those 
needs within the limits of our capacity. 


We must not overtax our own strength. For the 
first requirement of a stable world is a strong 
United States. But we must accept leadership in 
international economic recovery —in our own self- 
interest. 

What can the United States do to help men back 
to prosperity in a world economy which will allow 
them freedom and incentive? 'There are many 
things. But here are two of the most important: 


1. The United States, through Congress, must 
determine the pattern and the total of the 
foreign loans or grants it can afford. We 
must answer three questions. How much 
will the new program cost? Can we afford 
it? Have we the technicians and managers 
to watch the loans, assuring their fruitful 


use? 


2. We must demonstrate that we do not intend 
to raise our tariff walls to prohibitive heights 
when our debtors begin to repay us in goods 
and services, which is the only practical 
way they can pay us. Otherwise our loans 
will become losses. 


If the United States is to meet even the minimum 
requirements of world rehabilitation, Congress 
eventually must authorize more advances than those 
to Greece and Turkey. The $400 million for those 
two countries will not do the over-all job of political 
and economic defense which we have begun. A min- 


imum of $5 billion, if promptly and wisely applied 
in eight to ten countries, might suffice. BUT this $5 
billion will be on top of approximately $16.8 billion 
which we have spent or earmarked during the past 
two years for use abroad, including our full share 
of the World Bank and Fund. We shall do a faster 
and more effective job if Congress will thus add up 
the foreseeable total of our international aid, and, 
even though the total looks imposingly large, com- 
mit us to it, with proper collateral safeguards from 
the debtor nations. 

Congress need not try to foretell all contingencies, 
like last winter’s weather in Britain, and it cer- 
tainly should not create the impression that nations 
need only ask for billions to receive them. On the 
other hand, the war should have taught us the mis- 
erable consequences of “too little and too late.” The 
President should have learned that he engenders 
skepticism by going to Congress with parts of a 
program, as he has done in the British, Grecian 
and Turkish loans. Within the limits of our capac- 
ity, we must make the decision now to see the 
whole job through — or throw in the sponge. 

In the interest of the debtor nations—as well as 
in our own interest—the loan program should be 
hard-boiled. Rehabilitation loans must really re- 
habilitate. They must produce a state of economic 
health which will permit the World Bank and pri- 
vate capital to take over the task of financing 
world recovery—as perhaps can be done today in 
France and the Low Countries. 

The loans, therefore, must be within the limits 
of our technical and managerial ability to imple- 
ment them. Without technical help, Greece can not 
use its loan effectively —to rebuild railroads, clear 
ports, revive agriculture. Without skilled super- 
visors, Germany can not be made to pay its way. 
Money alone won’t pull China from the brink of 
economic chaos. 

Our lending calls for more than money. It calls 
for trained personnel to help the recipients utilize 
the loans effectively — geologists, construction and 
sanitary engineers, monetary experts, and manage- 
ment and agricultural specialists. 








Loans are necessary but they are only a first 
step. A long-range program requires the opening of 
the half-closed doors of world trade—our own 
door, too. 

We will have to get used to the idea that, when 
our debtors pay us, they must pay us largely in 
goods and services. Refusal to permit such repay- 
ments in the twenties helped start the world de- 
pression in the thirties — 
and the loss of our invest- 
ments. Imports do tend to 
raise living standards, and 
a two-way trade program 
need not require us to 
slash our present tariff 


The complexion of our 
foreign trade has changed 
since the war. Our man- 





A NEW ENTERPRISE 


Advocacy by the McGraw-Hill Publishing Com- 
pany, in the accompanying editorial, of an effective 
world economic policy is not a mere verbal exercise. 
In the faith that we as a nation shall develop such a 
rates policy, this Company, following a trail blazed by 

R leaders in American industry and finance, is expand- 
ing its operations overseas. 

A newly created McGraw-Hill International Cor- 
poration will push forward the frontiers of our tech- 
nical magazine and book publishing business through- 





lower tariffs, fewer quotas and a free flow of private 
trade. The task is a long one, and the results are as 
yet uncertain, but, if success is achieved, an im- 
mense opportunity for good works and good earn- 
ings will lie before American businessmen. 

This is no picayunish opportunity. Authoritative 
estimates put our 1947 exports at $11 billion and 
our imports at $6 billion. That’s substantial. It is 
greater than the value of 
all crops grown on our 
farms ($10% billion) and 
exceeds the value of all 
shipments of industries 
such as automobiles ($9 
billion), textiles ($8 bil- 
lion) and chemicals ($8 
billion). 

International trade is 
vital, not to be shrugged 





ufacturing capacity has 
increased and our raw- 
material self-sufficiency is 
tending to decline. For ex- 
ample, we probably shall 
have to continue import- 
ing copper and zinc and to 
increase our prewar de- 
pendence on imported 
lead. We may soon have 
to depend heavily on im- 
ported oil, and—gradually 
—on a growing volume of 
iron ore from abroad. Our 
normal dependence on im- 
ports for commodities like 



















out the world. The new Corporation comprises: 


Eight international magazines—the 
McGRAW-HILL DIGEST, THE AMERICAN AUTO- 
MOBILE and EL AUTOMOVIL AMERICANO, 
PHARMACY INTERNATIONAL and EL FARMA- 
CEUTICO, INGENIERIA INTERNACIONAL 
CONSTRUCCION, INGENIERIA INTERNAC!O- 
NAL INDUSTRIA, THE MACHINIST. 

A newsgathering agency, McGRAW-HILL 
WORLD NEWS, specializing in industrial and 
engineering coverage with correspondents in 
36 world centers. 

McGraw-Hill Publishing Company, Ltd. (Lon- 
don), serving the special needs of Britain and 
western Europe and publishing THE MACHIN- 
IST (London). 

Five buyers' guides — AUTOMOTIVE EQUIP- 
MENT (in English and Spanish), CONSTRUC- 
TION EQUIPMENT, INDUSTRIAL MACHINERY 
and PHARMACEUTICALS (all in Spanish). 


off, not to be kicked 
around as a football of 
party politics. Republicans 
and Democrats agree on a 
non-partisan foreign po- 
litical policy. They should 
agree also on a non-parti- 
san foreign economic pol- 
icy. The foreign relations 
of the United States, po- 
litical or economic, can no 
longer be log-rolled hither 
and yon. 

A general program for 
international recovery, 
outlined here, will bring 





rubber, tin and silk will 
continue, 

Our population has gone 
up 10 million in the last 
decade, and we now have a $176 billion national 
income, making room for more imports. 

As a result of every nation’s recent attempts 
to make itself secure and self-sufficient by slam- 
ming its trade door, a world-wide series of quotas 
and restrictions is blocking international trade. Even 
more, government buying and selling threaten to 
take commerce out of the hands of private traders, 
placing it in the uninspired care of bureaucratic 
negotiators. 

Our government has taken the lead in calling the 
conference of 18 nations, now meeting at Geneva, 
to open as many trade doors as possible. The Ameri- 
can delegates will bargain product by product and 
country by country — all summer, if necessary — for 


In addition, the McGraw-Hill Book Company has 
an overseas network for the distribution of its books. 





THIS IS THE 58rH OF A SERIES 


its full quota of aches and 
pains. But lack of a pro- 
gram will produce eco- 
nomic and political troub- 
les on a vast scale; timid retreat will invite economic 
disaster and war. 

By an intelligent, bold and resourceful program, 
we have a chance to win through to a long peace 
in the kind of world we want. Unless America 
provides the leadership, there can be no such pro- 
gram. Then Communism merely needs to hang 
around long enough to pick up the pieces. 

Ours is the responsibility and the opportunity. 





President McGraw-Hill Publishing Company, Inc. 





HIGHLIGHTS 


VOL. XI NO. 3 


This is page 1 of the cur- 
rent issue. Write for the 
complete issue today. 





ALSO IN THIS ISSUE 


Underpass Curve - Shaving 
of Large Gears (Port ID....... p 4 


Cone-Drives power Dorr 
Wr CEONBUM. (ove vore eo es p. 3 


New Gear Literature............ x 


How to Design Better Gears 
in 10 Minutes 
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MICHIGAN TOOL 












NEW GRAY 
Boring, Drilling 
and Milling 
Machine 


FEATURES 
Self-locking 


CONE-DRIVE 


The column and head assembly 
on this big Gray Horizontal weighs 
approximately 46,000 pounds, a 
big mass of accuracy that must be 
microjogged as little as 0.00025 
inches at one time for accurate 
positioning of the tools. The 
column may be fed along the run- 
way at speeds ranging from Y^ to 
120 inches per minute. 


To accomplish all this in the 
Gray Horizontal Boring, Drilling 
and Milling Machine, Gray engi- 
neers selected a set of 7.500" 
center distance Cone-Drive gears 
with a ratio of 40:1, to drive the 


GEAR CHECKING 
RECORDERS 
AVAILABLE FROM 
STOCK 


The versatile Michigan SINE- 
LINE gear checking recorder 
which makes a permanent chart 
record on gear checking machines 
is now available from stock. 


The AY-1 Recorder may be used 
with Michigan SINE-LINE in- 
volute checkers, lead checkers, or 
the tooth spacing checkers. It may 
also be applied to a variety of addi- 
tional checking operations such as 
recording variations in dimensions 
of thread forms, surface checking 
with parallels, and to many other 
checking operations wherein a 
precise record of dimensions is 
desired. 

v 





COMPANY 





pinion which meshes with the rack 

to propel and position the column 

along the runway. This particular 

set of Cone-Drives is self-locking, 
(Continued on Page 3) 


COORDINATE 
TOOL DESIGN 
FOR MAXIMUM 
GEAR QUALITY 


That best gear cutting results 
are obtained when pre-shave hobs 
and shaving cutters for any parti- 
cular job are designed and engi- 
neered together is demonstrated 
again by the recent experience of 
one large producer of aircraft oil 
pump gears. 


The operation involved the mass 
production of aircraft oil pump 
gears having a 7.1579 pitch and a 

(Continued on Page 3 





7171 East McNichols Road 
DETROIT 12, - - U.S.A. 













MACOID’S Plastics Experience 
At Your Service... 


VACUUM CLEANER HANDLE WASHING MACHINE GASKET 





TALCUM POWDER CONTAINER AUTO INTERIOR TRIM STRIP 


ACOID'S experience with plastics covers a wide range of 
products and industries. 


MACOID engineers will confer with your designers, help select 
the best possible material, and tell you how your specifications 
can be met practically and economically. MACOID will con- 
tribute plans for the making of complete units to help speed up, 
or reduce the cost of, assembly operations. MACOID’S extensive 
manufacturing facilities give you a steady flow of materials on 
schedule. 


Whether your plastic problem be one of material, design, as- 
sembly, or production, MACOID’S broad engineering experience 
can be of service. 


Originators of Dry Process Plastics Extrusion 
ma 
12340 CLOVERDALE * DETROIT 4, MICHIGAN ( 


> SR. 
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EXTRUSION AND INJECTION MOLDING 








capacity units all use 1 in. [.D., 1% 
in. O.D. "Karbate" tubes in bundles 
encased in standard 6 in. I.D. steel 
pipe shells. The three standard sizes 
are 4 ft. 3 in., 7 ft. 3 in. and 10 ft. 3 in. 
with outside tube areas of 8.2, 16.4 and 
24.6 sq. ft., respectively. 


Pencil Clipper 


Morrison & Sons Co., P. 
La Crosse, Wis. 


O. Box 717, 


This draftsman’s aid is specially de- 
signed to clip on a fluorescent lamp 
shade. It keeps pencils localized and 


readily available. It can be used in 
any location where fluorescent lamps 
are used and where pencils are fre- 
quently needed. It does not hinder the 
use of the lamp. 


Actuators 





Unimax Switch Corp., 460 W. 34th 


St., New York 1, N.Y. 

Removable and interchangeable actu- 
ators for the Unimax  snap-action 
switch allow the basic to be 
adapted to varied uses with auxiliaries 
added in factory assembly or to be 
stocked separately. All actuators are 
applicable to all Unimax switches and 


switch 












can be removed, reinstalled or ter- 
changed without disassembling thi 
switch. To achieve: this adaptability 
overall performance without altering 
the operating characteristics of the 


mo nted 
uniform 


Basic switch, the actuators are 
on stainless steel plates. A 
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This 


If you are faced with a design problem which involves 
selection of a Friction Material, here is a book that 
will help you find the answer. 

Based on Johns-Manville's 60 years of experience 
in the control of motion of industrial equipment, it 
is full of practical engineering data about J-M Brake 
Linings and Clutch Facings...lists their types and 


Johns-Manville 
INDUSTRIAL 
FRICTION MATERIALS 
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Johns-Marville Catalog 
| simplifies Friction Material selection 


styles, rubbing speeds, temperature limits and other 
characteristics. Much of the information is arranged 
in chart form for convenience in quickly locating the 
right material for any application. 

For your copy of this helpful guide to cor- w i 
rect Friction Material selection, just fill in JM 


and mail the coupon below. 


RODUCTIS 


JOHNS-MANVILLE 
Box 290 
New York 16, N. Y. 


Send me without cost or obligation the: new 
Friction Materials Catalog. 


Name €: 


(02,  —————— 


Street No. 


P. O. Zone Stat 





City 


J-M Industrial 


i 


183 










? e relationship can be established between 

A D E L aul actuators and the switch operating 
^H button by fixed dimensions in the 

mounting plate and the phenolic hous- 











PRECISION-BUILT PRODUCTS FOR PRECISE CONTROL "» 

The operating characteristics of hy- Adel Precision Products Corp. is well | Angle Meter 
draulics are unsurpassed for control of versed in hydraulic applications. Adel |  ,. B 

lustrial machinery. When adapted xecision-built hydrauli uipment is | Technology Instrument Corp., 1058 
industria y - pte prec y c equipment 1s Main St., Waltham, Mass. 
foradditional work capacity of existing engineered to the requirements of each i 
machinery, or as a labor-saving device, particular installation. Here are a few Known as the Type 310-A Z-Angle 
hydraulics provide a wide range of of the products in the Adel Industrial Meter, this instrument is designed for 
power, precisely controlled as to tim- line of hydraulic equipment; impedance and phase angle measure- 

ments over a frequency range of 30 to 





ing, speed and force. 
20,000 cycles per sec. Balance is ac- 


complished by means of a single dial, 

which reads directly in impedance, and 

the phase angle of the unknown im- 
| pedance is indicated on the direct-read- 
HYDRAULIC ACTUATING CYLINDERS— Adel | ing meter. Suppleentary scales are 
Actuating Cylinders provide linear force, to 
pull, push, life or lower. Available in either 
single or double acting types, they are used to 
operate pressure-actuated machines, presses, 
hoists, rapid action jigs, farm lifts, etc. 












POWER TO HOLD OR CLAMP 














POWER TO MOVE 









HYDRAULIC POWER PUMP — Here's a new, gear- 
type pump designed and constructed espec- 
ially for hydraulic service. At 2250 rpm, this 
powerful, compact unit delivers 12.5 gpm at 
800 psi. Adel hydraulic pumps may be direct 
connected to motor shaft, or driven by belts, 
gears or chain 





| 
| 
| 
| 
| 









provided on the meter to indicate the 


4-WAY SELECTOR VALVE =- Upon release of | D of condensers and the Q of induc- 
handle, valve automatically returns to neutral | tors, and means are provided to indi- 
position. Inthis position, pressureisconnected | cate a leading or lagging phase angle. 
i to return and an integral lock valve positively | The range of the instrument in im- 
€ itn holds the actuating cylinder in position. This pedance is from 0.5 to 100,000 ohms 
valve is particularly adaptable to such applica- and is accurate to within + 1 percent 


POWER TO CONTROL tions as tractors, cranes, hydraulic presses,etc. 



















over the greater portion of this range. 
The phase angle readings are accurate 
| to within + 2 deg. In terms of C, L, 
and R, respectively, the instrument has 
an effective range of 1,000 mfd to 
SOLENOID VALVES— Adel Solenoid Valves | 10,000 mfd, 5 microhenries to 500 
are of the poppet type. They assure long life henries, and 0.5 to 100,000 ohms. It 
and fast action, with the least expenditure of : . 
can be used in most networks having 


electrical energy. They provide instantaneous, . E 
effortless control of hydraulic circuits at the | electrical or mechanical resonances. 


touch of a button. Adel Solenoid Valves are 
used for remote control of hydraulic power 
or other automatic flow control operations. Sequence Relay 


Struthers-Dunn, Inc., 146-150 N. 13th 
`t., Philadelphia 7, Pa. 







>y 















Adel stands ready to work witb you on any problem in the 
feld of hydraulics. At your service are Adel's years of 









experience, extensive manufacturing facilities and prac- s : p 
tical engineering skill. Address Adel Precision Products | A reversing, separate-circuit ratchet- 
Corp., 10757 Van Owen Street, Burbank, California. operated multipole sequence relay. 







| known as Type 96AFA, is adaptable to 
applications involving the addition and 
subtraction of loads. One of the two 
coils steps the cam shaft forward ? 
step at a time; the other coil steps the 
shaft in the reverse direction. Mechant- 





ADEL PRECISION PRODUCTS CORP. 


BURBANK, CALIF. * HUNTINGTON, W. VA. 






Manufacturers of: Aircraft Hydraulic Systems * Marine & Industrial ISOdravlic 
Controls * Halfco Self-Aligning Bearings * Line Support Clips & Blocks 
Industric! Hydraulic Equipment ¢ Aircraft Valves ¢ Industrial Valves 
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I’ve met a 
remarkable 


milkmaid... 


Down on 
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the farm... 





BUNAN 


EG. U.S. PAT.OFF., 


THE RUBBER THAT RESISTS 
OIL, COLD, HEAT AND TIME 


or in the home 


... Perbunan Nitrile Rubber is 

doing many a remarkable job! Take the example of the milking 

machine inflation shown here. It was developed during the war by 

the research and development engineers of the Ideal Roller & 

Manufacturing Company when natural rubber was no longer available. 
After careful study, the engineers picked Perbunan because it 

gives longer life in contact with animal fats... longer life under the 

heat of sterilization ... because Perbunan retains its flexibility in sub- 

zero weather ...and because as an engineering material Perbunan is 

readily adaptable to complex molds such as the one required for this part. 
Not only did Perbunan solve their problem...it developed an 

inflation many times better than any they had ever made before! 
Another fact worth remembering is this: Perbunan now contains 

a new stabilizer that makes its use possible where delicate colors are 

desired... without objectionable discoloration of the rubber part 

after exposure to sunlight or ultraviolet light, and contact with 

a wide variety of fluids. 
If you have any rubber parts problems, our rubber technicians will 

gladly help you solve them. For further information, please write to the 

office nearest you. 











Enjay Company, Inc formerly 
Chemical Products Department, 
Stanco Distributors, Inc.) 26 
Broadway, New York 4, N. Y.; 
First Central Tower, 106 South 
Main Street, Akron 8, Ohio; 221 
North LaSalle St., Chicago 1, Illi- 
nois; 378 Stuart Street, Boston 17, 
Massachusetts. West Coast Rep- 
resentatives: H. M. Royal Inc., 
4814 Loma Vista Avenue, Los 
Angeles 11, California. Warehouse 
stocks in Elizabeth, New Jersey; 
Los Angeles, California; Chicago, 
Illinois; Akron, Ohio; and Baton 
Rouge, Louisiana. 


Copyright 1947, Enjay Company, Inc, 
















Phofo courtesy of 
Dumore Co., Racine, Wis. 


s.s. W 


make it easier to do the job 








Phofo courfesy of 
HITE General Gas Light Co., Kalamazoo, Mich. 


In the small portable tool (left above) the flexible 
shaft makes possible a small, light hand piece. This 
means a tool that can be manipulated freely, accu- 


rately and delicately with a minimum of fatigue. 


In the heavy duty drill press (right above) the flexi- 
ble shaft spindles make possible quick changes in 
setup for different drilling requirements. They pro- 
vide positive, reliable drives and give the machine 


time and cost-saving versatility. 


GET THIS FLEXIBLE SHAFT HANDBOOK 


This 260 page handbook gives full information and 
engineering data about flexible shafts and their appli- 
cation. A free copy will be mailed on request if you 
write for it on your business letterhead and mention 
your position. 


$.5.WHITE 


THE S. S. WHITE DENTAL MFG. = INDUSTRIAL DIVISION 


EPT. D 10 EAST 40th ST., NEW YORK 16, N. Y, — 
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PAERIGLE SHAFTS + FLEXIGLE SHAFT TOOLS *— AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS SPECIAL FORMULA RUBBERS 
MOLDED BESISTORS + PLASTIC SPECIALTIES + CONTRACT PLASTICS MOLDING 


Onc of Americas AAAA Industrial Enterprises 














cal stops limit the forward and re- 
verse travel of the shaft. Standard 
ratchets supplied have 12 teeth, giving 
a total of 12 contacts in sequence, with 
no more than 6 separate contacts be- 
tween each pair of bearing supports. 
Operating coils are for use with a.c. 
current only. 


Numbering Machine 


The Acromark Co., 382 Morrell St., 

Elisabeth, N. J. 
For use in numbering rods, bars, billets 
and castings this unit can be used 
wherever heavy stamping is desired. 
The frame is turned from tool steel 
and has a milled slot to receive the 
wheels. The wheels are mounted on a 





solid shaft. Wheels and shafts are 
made in different sizes depending on 
the size of character needed. The lock- 
ing fixture can be had to lock all the 
wheels together, or to lock each wheel 
separately. The shaft, flush with both 
sides of the frame, is held rigidly by 
two countersunk-head screws that en- 
gage both the frame and the shaft. 


Solder 


The Aluminium Solder Co., 1360 IV. 
3rd St., Cleveland, Ohio. 


Melting at 690 deg. F., this aluminum 
solder has been found, by laboratory 
test, to produce a butt joint with a 
tensile strength of 9,720 lb. per sq. 
in. 'This joint was formed on 2$ 
aluminum having a tensile strength of 
13,000 lb. per sq. in. The solder flows 
easily and needs no flux. Heating of 
the aluminum or aluminum-based al- 
loy article to be soldered can be done 
by any of the conventional means, such 
as a soldering iron, blow torch, 
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A Fist Full of HORSEPOWER 
... in the New Explosion-Proof Gast Air Motor 


A mere fist full, but there’s plenty of 
power in this new explosion-proof 
Gast Air Motor that operates with 
compressed air. It weighs only 215 
poundsand is 214 inches in diameter, 
but it delivers up to 4% horsepower, 
It will start in any position and run 
under constant low speeds without 
stalling. Speed is variable from 0 to 
6,000 r.p.m. Like other Gast Air 
Motors, the design is utter simplicity. 
There are few moving parts, practi- 
cally nothing to wear out and the 
initial cost is low... service cost, 
rarely any. It can never burn;out, 
even when heavily overloaded and it 
cannot spark, it meets all explosion- 
proof safety requirements. There are 
two other sizes available for heavier 
loads; one develops up to 5 horse- 
power, the other up to 1 horsepower. 
Both incorporate all of the outstand- 
ing features of the new "fist full" 
size. All are completely described 
in the new Gast Catalog. 


GAST MFG. CORP. 
. 139 Hinkley Street 
Benton Harbor, Michigan 





A Gast Air Motor on a Portable Mixer. 
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Gast Equipment on a Spray Outfit. 






























ENGINEERING TEST OFFER 
.. S0 You Can SEE IF YOU'RE 
MISSING SOMETHING! 


Simply write our Engineering Department and 
explain the operation you think air might 
handle, or describe the job air is already 
doing for you. Our Engineering Department 
will study your problem, select or design a 
Gast unit to do the specified work at less cost 
or et greater efficiency or both. Then, without 


cost or obligation, the recommended unit will 
be shipped to you for your performance tests. 





Vanes: Self-seating... 
self-adjusting...spring- 
less. Centrifugal force speed ... Long life, oil 
holds them against economy, no hot oil 
cylinder wall. They odor.. 
“work without works” 


power per lb. of weigh 
controlled, absolute 


It not only tells how Gasts 
are built and all about them, 
but suggests uses that may 
mot have occurred to you. 
Write for it; no charge or 
obligation! 


. Automatic 
shaft seal; no packing, 
. .. Continuous, non- 
pulsating flow...More 


no leaking and no 
adjusting. 


Gast Air Motors on Portable Agitators. Gast Vacuum Pump in a Sump Cleaner. 
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acetylene torch or furnace. Heat is 
applied to the object to be soldered 
and not to the solder itself. Before 
soldering, the aluminum should be 
cleaned of surface oxides and prefer- 
ably buffed. Tinning with the solder 
and rubbing it into the pores of the 
aluminum with a clean wire brush gives 
a good bond. 













Filter Elements 





Monte, 





Engine Life Products Corp., El 
Cal. 









These replacement filters are con- 
| structed of lint-free textiles wrapped 
in a closely knit muslin, pressure wound 
| in convolutions around a perforated 

metal core, and covered with a heavy 
| tubing or muslin jacket. The horizontal 
flow of oil from outside to inside 
through the laminated construction in- 












All Darnell Casters fea- 
ture a DOUBLE Ball- 
Bearing Swivel — All 
wearing parís are 
hardened by the car- 
bonizing process — 
Rust-proofed by Cad- 
mium plating — Fur- 0000 
nished with semi-steel P doo v $c 6d madii duin 
or rubber treads. m 

DARNELL CORP. LTD. | es Du) i ean 


York 17,N, Y 
LONG do CALIFORNIA A self-locking nut using a molded 
nylon insert as the locking element more 
60 WALKER ST., NEW YORK 13, N. Y than meets the Army-Navy specifica- 
tions for re-usability. The specifications 
36 N. CLINTON CHICAGO 6, ILL call for re-use up to 15 times, but these 
nuts have stood up under 200 removals 
without reducing the torque below the 
required figure. Engineering tests have 





creases dirt and sludge removal and 
will not rob oils of their valuable 
additives; an advantage over earth-type 
elements. As elements absorb con- 
taminants they expand, allowing greater 
dirt storage capacity and a high satu- 
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save VOUT Vall 


ee WITH 
BRUNING BW 
PRINTS 


IN YOUR DRAFTING ROOM 


Why take time to redraw worn or soiled original tracings? With the Bruning 
BW Process, you can salvage them quickly and easily. Just use Bruning BW 
Film—a transparent matte acetate safety film. This film, exposed with your 
tracings, provides an intermediate print from which subsequent BW prints 
are made. Weak lines of original tracings are intensified on the BW film and 
printing speed of subsequent BW prints is thereby increased. What’s more, 
BW Eradicator may be used on BW film for removing creases or soiled areas 
that have been reproduced from the original. 


IN YOUR ENGINEERING DEPARTMENT 


Altering original designs— without changing your original tracings—is sim- 
ple and easy when you use Bruning BW Transparents. Simply make a BW 
Transparent Print from your original—eliminating unwanted portions with 
BW Eradicator. New details may then be added on the BW Transparent and 
subsequent BW Prints made from the Transparent will bear these changes- 





__IN GENERAL OFFICE USE 


By making bulletins, forms, charts, etc., on transparent or translucent ma- 
terials, you can have as many copies as you want with BW « quipment! Form 
letters are easily reproduced—all your typists need do is fill in headings on 
the same make of typewriter. Think of the repeat typing you can save! Re- 
member, BW Prints are positive, direct line prints—not negatives, like blue 
prints. And BW Prints are made in seconds! 


WHY USERS PREFER THE BRUNING BW PROCESS 


A Bruning BW Printer-Developer can be installed anywhere in your 
drafting room, engineering department, office or plant. No plumbing 
connections are needed. You don’t have to pay for exhausting unpleasant 
fumes because the BW Process has none. BW Printer and Developers— 
available in a complete line—are compact and simple, with no unneces- 
sary gadgets to confuse your operators. Complete facts about Bruning 
BW equipment are yours for the asking—just mail the coupon! 





CHARLES BRUNING COMPANY, INC. 
4736-48 Montrose Avenue 
Chicago 41, Illinois 


CHARLES BRUNING COMPANY, INC. 


equipment. Please send me information 


Gentlemen: I want to know more about Bruning BW Prints and 


! 
I 
l 
I 
I 
I 
Since 1897 l 
NEW YORK e. CHICAGO e LOS ANGELES NOME esee eee see eu sd epe peeco soe e oceesovessnesonóhe 
Atlanta * Boston * Cleveland + Detroit * Houston * Kansas City CM oo «nS E ERSTE Rav eno nad uccetuesqedbeqadddsb PPM 
Milwaukee * Newark * Pittsburgh * St. Louis * San Francisco * Seattle l ; 
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| shown nylon to possess a very high 
elasticity as compared with other lock- 
| 
| 






ing mediums. Unaffected by gasoline, 
oil, mild acids, esters, alcohols and 
caustics, these shakeproof nuts are good 
for machinery applications as well as 
in structure work. 












Air Pressure Regulator 


A. Schrader’s Son, Div. Scovill Mfg. 
Co,-Inc., Brooklyn 17, N. Y. 


| 
This regulator is designed for use in 








systems where control is desired for 
each tool or air-operated machine. The 
regulator is set for the desired pres- 










Machines used in 
final lapping oper- 
ation on medium 
ond lorge Strom 
Bolls. 
















It takes a long series of processes, developed and 
perfected over a period of years, to make a thing 

as faultless in material and form as a Strom Metal Ball. Worked to a tol- 
erance of fifty millionths of an inch, their outstanding qualities of finish, 
sphericity and precision have made Strom Balls the standard of industry. 
Strom Steel Ball Co., 1850 So. 54th Ave., Cicero 50, Illinois. 


Strom BALLS (3 Serve Industry 
Largest Independent and Exclusive Metal Ball Manufacturer 
sure, and will hold that pressure con- 


-J y | stant as long as the line pressure does 


y not drop below this value. This unit 
nn. is primarily used in compressor systems, 
but can be used with compressed air 
cylinders. The regulator is furnished 
with a pressure gage and will operate 
on 10 to 150 lb. per sq. in. air line 




















pressure. 







Timers 













Industrial Timer Corp 110 Edison 


Place, Newark 5. N. v. 















Easily attached to wall, panel or 
standard switch box. these Series 5 
Signalling Timers automatically open 







Spur—bevel—spiral—zerol—worms 
and worm gears—racks—sprockets. 
All are precision cut on up-to-the- 
minute equipment exactly to your 
specifications. Prompt quotation upon 
receipt of your sample or blueprint. 












SIGNALING 
TIMER 


adita ol E ER 







E. B. SEWALL MANUFACTURING CO. 


696 Glendale St. St. Paul 4, Minn. 
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Here is one of the latest model vertical air com- 
pressors specifically designed for continuous, 
heavy-duty, 24-hour per day service. One of its 
chief advantages is the small floor space it 
requires. Yet its efficiency demands consistent, 
dependable power. ‘To develop the power needed, 
the designer specified a Dayton V-Belt Drive. 

This is another outstanding example of the 
flexibility of Dayton V-Belt Drives. And the 
ability of Dayton V-Belts to perform in excess of 
standard requirements under all operating con- 
ditions . . . unaffected by dust, oil, heat, liquids 
- .. is another of the many reasons why more 
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industrial designers consistently specify Daytons 
for original equipment. 

A Dayton Power Transmission Specialist is 
ready to help you. Call or write: 


DAYTON RUBBER * DAYTON, OHIO 


wows Rayon Quad 


PROVIDE DAYTON V-BELTS WITH 


1. Minimum Stretch 2. Greater Flex Strength 
3. Longer V-Belt Life 

Æ Rayon cords are specially processed by Dayton for 

usein V-Belts to provide the most efficient and eco- 


nomical power transmission service for your machine 
needs. For the complete story write for booklet A-469. 














AND BOOTH CONFORMS 
AGAIN AND AGAIN! 


Yes, Booth meets specifications for 










cut felt parts precisely... often to tol- 
erances usually associated only with 
metals. On re-orders, felt parts are 


duplicated exactly. 





We're specialists in uniformity of 






grade and cutting . . . and your order, 





small or large, receives our interested 





attention. 









APPLICATION CHART AND 
SAMPLE KIT...contains swatcbes 
of S.A.E. felt types, witb specifi- 
cation tables, Write for it. (No 
sales follow-up.) 









THE BOOTH FELT 


175 19th Street 






736 Sherman Street 






2322 


di 


TRADE mate 


PRECISION CUT 
FELT PARTS 






COMPANY 
Brooklyn 15, N. Y. 
Chicago 5, Ill. 


| or close a circuit at the end of a given 
elapsed 
| completed the movable pointer is at the | 
| zero position; the pilot light goes out | 


| volts: 25. 


time. When the interval is 


and a buzzer sounds. Pure silver con- 


| tacts are used throughout. They oper- 


ate on alternating current, 115 or 230 | 


so or 60 cvcles. 


Pillow Block 


Ideal Products Co., 68 
shkosh, Wis 





Lake Drive, | 
This self-aligning pillow block was de- 
signed to provide full lubrication for 
the life of the porous bronze bushing | 
with just the original factory oiling. 
A minute capillary system in the res- 
ervoir meters out oil only as required 
supply for years of 


giving adequate 





| 


| 







The inner shell of the body 
forms the large closed lubricant cavity. 


service, 


| The olt. locked between double shells, 












provides direct anchorage between 
bearing body and mounting. Available 
in !^ to 34 in. 


sizes. 


Tool Holder 


liro Products Co., 2709 W. 54th St., 
Los Anaeles 43, Cal, 
Known as the Fry Multi-Duty Tool | 
Holder, this unit makes possible drill- 
ing, reaming, tapping, boring, turning, | 
forming, threading, 


facing, recessing, 






































GENERAL 
ELECTRIC 


N SMART, modern radios you 

wil see a new, eye-catching 
note...G-E Multi-Weave grilles. 
They give that final touch... a 
dressed-up, ready-to-go places 
air that is distinctive. 


In General Electric Multi- 
Weave, stylists, product design- 
ers and architects will find a 
modern medium with unusual 
possibilities for use in their arts. 
A new process for weaving such 
metals as copper, brass, stain- 
less steel and aluminum has 
been developed to provide rich 
beauty and tlfree dimensional 
effects. 


For new sales appeal in prod- 
ucts . . . for unusual decorative 
effects . . . let us tell you about 
General Electric Multi-Weave. 
Write to: General Electric Com- 
pany, Electronics Department, 
Syracuse 1, New York. 






GENERAL (4) ELECTRIC 
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Houghton offers 6 distinctive types of fabricated "V" packings 


Vix-Syn “V” Packings cover a wide range of VIX-SYN fabricated “Vs” are one series in the 
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operating conditions, including heat up to 700° 
F., and service against air, gas, water, oil and 
steam. The synthetic polymers from which 
these fabricated packings are compounded are 
reinforced with duck or asbestos fabric for 
extra strength and durability. Name your prob- 


lem — we have the packing! 





complete line of Houghton packings, including 
synthetic rubber and the famous VIM Leather, 
each the leader of its class. Back of them is an 
engineering service for design aid — yours for 
the asking. For abbreviated catalog, or full 
data, write E. F. Houghton & Co., 303 W. Lehigh 
Avenue, Philadelphia 33, Pa. 


HOUGHTON'S 
VIM LEATHER and VIX-SYN PACKINGS 
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Electronics in Action 


ELECTRONICS 
for INDUSTRY 


By WALDEMAR I. BENDZ 
Westinghouse Electric Corp., 
Boston, Mass. 


Assisted by 
CHARLES A. SCARLOTT, 


Editor, "Westinghouse Engineer" 


This new book 


clearly and concisely 
explains the 


principles of industrial 
electronics, describing the various 
types of electronic tubes, their func- 
tioning and the basic circuits in 
which these are used in many in- 
dustrial devices. Electronics is dis- 
cussed from the physical point of 
view. Numerous diagrams, rather 
than the usual mathematical explana- 
tions, help clarify the discussions. 
Photographs and brief explanations 
throughout the text show the tasks 
performed by many electronic devices 
in industry. Presupposing an under- 
standing „of the fundamentals of 
electric circuits, ELECTRONICS 
FOR INDUSTRY does not concern 
itself with detailed proof of theories. 
However, numerous footnotes refer 
the reader to other sources for the 
study of theory and specific design. 
Each chapter concludes with a sum- 
mary of the important points dis- 
cussed, plus a carefully prepared 
reference list for further detailed 
study on each subject. 


Subjects discussed are: 


MEET THE ELECTRON 

ELECTRON ESCAPE FROM SOLIDS 

—EMISSION 

ELECTRICITY FROM LIGHT 

ELECTRICITY INTO LIGHT 

TWO-ELEMENT TUBES 

THREE-ELEMENT PLIOTRONS 

MULTIGRID PLIOTRONS 

THYRATRONS 

FROM ALTERATING TO DIRECT 

CURRENT 

MERCURY-POOL TUBES 

AMPLIFICATION 

PRINCIPLES OF OSCILLATION 

MODULATION AND DETECTION 

OF CARRIER WAVES 

HEATING BY HIGH FREQUENCY 

* BASIC CIRCUITS OF ELECTRONIC 
CONTROL 

* INDUSTRIAL APPLICATION OF 
ELECTRONIC CONTROL 

* ELECTRONIC REGULATORS 


501 Pages 


On Approval Coupon 
JOHN WILEY & SONS, INC., 

449 4th Ave., New York 16, N. Y. 
Please send me, on ten days’ 
approval, a copy of Bendz' 
ELECTRONICS FOR INDUSTRY. 
If I desire to keep the book, I will 
remit $5.00 plus postage; otherwise, 
I will return the book postpaid. 


Name 

Address 

City A s»ssae MAE vae esu 
Employed By 


(Approval offer not valid 
outside U. S.) PE-6-47 
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$5.00 
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assure long life and accurate perform- 
ance. It is made in sizes to fit lathes 
from bench to heavy duty sizes. 





Boiler Control 


Maanetrol Inc., 2110 S. Marshall Blvd., 
Chicago 23, Ill. 


A multi-stage boiler water level con- 
trol which, through a simple magnetic 
switching action, provides a dependable 
method of pump control, low water 
fuel-cut-off and low water alarm. This 
control transmits changes in water 
level to the switching mechanism by 
magnetic action. There is no mechani- 
cal or electrical connection between the 
pressure chamber and the switching 
mechanism. Models for pressures of 125 
and 250 lb. per sq. in. have the Type 
S “Unitary” switching mechanism 
which is completely self-contained with 
mercury switch, magnet, lead wires 
and terminal strip. 








































Gloss Reducing Agent 
Louis 4, 


Monsanto Chemical Co., St. 
Mo. 









A powdery silica so fine that a cubic 
inch contains a half trillion particles 
has been produced as an improved gloss 
reducing agent for lacquers and var- 


knurling and cutting off in one chuck- 
ing without the use of a tailstock. The 
large solid steel base, and the hardened 
and ground working and locating parts, 


The variety of RULAND 
products is endless. 
Perhaps it's only a spe- 
cial bolt or fastener; 
maybe it's an intricate part which takes 
everything we've got. However, we design 
and produce complex finished parts and 
mechanical or electro-mechanical assem- 


blies. 
RULAND has the engineering "know how", 


modern equipment and top-notch person- 
nel... and you'll like RULAND service. 













MANUFACTURING COMPANY, 


40 Pleasant Street 
WATERTOWN, MASS. - 


Contract Manufacturers of Carefully 
Made Machine 


Screw Products 
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Century Motor Insulation 
Contributes to Long Life 


Windings and Insulation Are Built Into a 
Highly Resistant to 


Rigid Mass That Is 
Moisture and Abrasion 


Or of the important reasons why Century motors stay on the 
job is that they are so well protected to resist moisture and 
abrasion — hazards that often cause motor burnouts. The follow- 7 
ing information on Century motor insulation shows how Century 


engineers have solved the problem. 


No. 1 — The insulation on the wire insulates between turns 


of the coil. 

No. 2 — A combination of heavy fish paper 
and varnished cloth with high dielectric 
strength forms the slot insulation. This insulates 
the coil from the stator iron. 

No. 3—Fish paper formed to the correct 
contour and size insulates the coils from each 
other in the slot. 

No. 4 — The “U” shaped fiber wedge draws 
the edges of the slot insulation together, closing 
the insulation cell, holding the coils in the 
stator iron — and wedging the coils rigidly 
in the slot. 

No. 5 — Shows how the coils are fitted into 
each slot together with the three pieces of insu- 
lation. 

No. 6 — Shows the stator after the winding 
job has been completed, but before it has been 
dipped into the insulating compound. Notice 
the neat compact job of inserting and connect- 
ing the coils and lead wires. 

The stator is then dehydrated in an oven, 
and immediately thereafter dipped into Cen- 
tury's special insulating compound and then 
baked. After each stator is thoroughly baked, 
repeating this process as necessary, it is given 
a final coat of heavy air dry- 
ing varnish for mechanical 
protection. 

No. 7 — The final result is 












CENTURY ELECTRIC COMPANY - 












a rigid mass that is thoroughly insulated — 
highly resistant to moisture and abrasion. The 
individual wires are held together and sealed 
to the stator core, eliminating chafing between 
wires and between coils and stator iron. 

Century builds a complete line of electric 
motors and generators, fractional and integral 
horsepower, in the popular sizes to meet the 
requirements of industrial production, com- 
mercial uses and appliance applications. 

Specify Century for all your electric power 
requiréments. 





1806 Pine St., St. Louis 3, Mo. 

















CUT 
COSTS 


ON 
WIRE CONNECTIONS 





SCREWS ON— 
like a nut on a bolt! 





use IDEAL 


(The Solderless, Tapeless Wire Connectors) 





Save materials ...increase production... 
build a better finished product with these 
modern wire connectors. They eliminate 
the cost of solder, tape, binding posts, and 
terminal blocks—do away with the danger 
and expense of hot soldering irons and 
molten solder. Even inexperienced help 
can make more than 500 connections per 
hour with '"Wire-Nuts." And every con- 
nection is better electrically, stronger 
mechanically, neater and safer. Ideal 
"Wire-Nuts'' are listed by Underwriters' 
Laboratories, Inc. Try them on your prod- 
uct at our expense. Mail the coupon for 
Free Samples today. 


[DEAD 


* Trode Mork Reg. U.S. Pot. Off 


Distributed through 
Americo's Leading Wholesalers 














i 
+ IDEAL INDUSTRIES, Inc. I 
I Successor fo Ideal Commutator Dresser Co. : 
: 1446 Park Avenue, Sycamore, Ill. i 
I Send Free Samples, Application Manual ! 
| and cost data : 
i 
t Name I 
I 
: Address i 
' 
: City j — Zone BN. 1B 
 ——————— T d 
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nishes. It gives a desirable sheen to 
furniture rather than a high gloss and 
brings improvement in mar and burn- 
ishing resistance. The particles project 
through the surface of the bonding 
coat and scatter the reflected light. 
Known as Santocel, these nearly uni- 
form particles contain 94 percent air. 
Because of this large amount of en- 
trained air this material is also used as 
a thermal insulant. 


Mounting Pads 
The MB Mfg. Co 


Conn 


Inc.. New Haven 11, 


A utility pad for use under all types 
of machinery as mountings and vibra- 
tion absorbers, the Ismode pads are 
made of oil-resistant neoprene. 
These pads are effective on all types 


live, 





and sizes of equipment, from typewrit 
ers to forging hammers. Uneven floors 
present no mounting problems as these 
pads are self-adjusting shims. Standard 
pads are 18 in. square, 5/16 in. thick, 
and can be easily cut to any size or 
shape. 


Industrial Hose 


Goodyear Tire and Rubber Co., Akron, 
( hio. 


This steam hose, built for use in found- 
ries, steel: and paper mills, road con- 
struction, docks and railroads is made 
from spun glass yarn bonded to a rub- 
ber tube and cover. Because of high 
heat resistance it can be used for fight- 
ing refinery and oil well fires with live 


steam. The hose is built to carry satu- 
rated steam at a temperature of 388 
deg. F. and a pressure of 200 Ib. per 
sq. in. for 300 hrs. under continuous 
flexing. 
Relay 


Ward Leonard Electric Co., 
Vernon, N. Y. 


Mount 


Known as the Bulletin 109 Relay, this 
unit is designed specifically for use with 
single phase a.c. capacitor motors. Op- 
erational difficulties encountered with 


centrifugal switches are eliminated by 
this relay, assuring positive and reliable 
motor performance. 


os ; 
Contacts are sin- 











gle pole normally closed and suitable 
for operation of a load as large as 21 
hp., 115 or 230 volt, 60 cycle capacitor 


motor. The relay measures 1% in. 
high by 134 in. wide by 1 15/16 in. 
long. 
Switches 

Guardian Electric Mfg. Co., 1629 W. 


Walnut St., Chicago 12, Ill. 


Guardian Snap-Action Switches are 
built for slow-moving mechanical de- 
vices where fast, positive “make” or 
“break” action is required. Chattering, 
arcing and intermittent circuit pressure 
are eliminated by hair spring tension 
that keeps the contact assembly in posi- 
tion until the armature has completed 
its travel. These switches can be used 
with Guardian Series 100 relays in 
motor starting circuits to disconnect 
starting windings or to apply additional 
torque when the condenser circuit is 
closed. A snap-action switch relay can 
also be used in place of centrifugal 
switches in motor housings. 


Precision Switches 
Micro Switch, Freeport, Ill 


Small, unhoused, skeleton-type  pre- 
cision snap-action switches, designated 
as the SK series, are particularly 


adapted to actuation by rotating or 
sliding cams. These switches are single 
units, 


switch available in normally- 





open, normally-closed, or double-throw 
arrangement. The switch element, only 
1-3/16 in. long, is mounted on a lami- 
nated phenolic base. Where control of 
several circuits require multiple con- 
trol by cams, slides or push buttons, 
SK switches can be ganged or com- 
pactly mounted on a common base on 
centers which may be as close as 7/16 
of an inch. 
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